SPERMATOGENESIS OF THE MYRIOPODS. 


\T. An Analysis of tiie Chromosome Group of 
Scolopenda her os. 1 

M. \Y. BLACKMAN. 

During the last few years a number of attempts have been made 
to analyze the chromosome complex of various animals. These 
attempts have met with such apparent success in the case of 
several insects, notably Orthoptera, that I have been led to 
attempt a similar analysis of the chromosome group in Scolopcndra 
heros. Indeed, before the appearance of earlier papers upon this 
species such an attempt had been made, but it had met with but 
small success owing, as I now know, to deficiencies in the optical 
apparatus employed. With the facilities then at my disposal, it 
was impossible to sectire definite clear-cut images of the chromo¬ 
somes at a magnification greater than 1,500 diameters. As the 
chromosomes in Scolopcndra heros , although exceedingly clear- 
cut and definite in outline, are considerably smaller than in some 
insects, a greater magnification-than 1,500 diameters is necessary 
if the study is to be at all convincing, either to the investigator or 
to those reading his report. However, by the use of a Zeiss 2- 
mm. apochromatic objective and a number 12 compensating 
ocular, the source of light being a Welsbach mantle, a magnifica¬ 
tion of 2,300 diameters was obtained with 110 perceptible loss of 
definition in the image. 

The material used in this study is the same which served as a 
basis of sevenal previous papers 2 (Blackman :oi, 103, :o5), the 
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majority of the slides having been mounted nine years, but the 
stain (Heidenhains iron-alum hannatoxylin), except where a por¬ 
tion of the section extends from under the cover-glass, is as perfect 
as when first mounted. 

Sutton, 1 :o2, Robertson, 2 :o$, and Xowlin, 3 :oS, working upon 
the male cells of Orthoptera have found that the chromosomes 
during both the spermatogonial and spermatocyte generations 
may be arranged in a graded series as regards size. In the sper¬ 
matogonia this series is a double one, the two chromosomes of a 
given size representing the similar elements derived from the 
two parents. These similar chromosomes unite during synapsis 
(Sutton, :o2, op. cit.) % and give rUe to the single series character¬ 
istic of the spermatocytes. fhe extreme difference in the size 
of the chromosomes in the < )rthoptera is so marked that it is 
noticeable at a glance (see Sutton, :o2, Fig. 6) and after studying 
preparations of this material one cannot doubt the accuracy of 
their observations or den\ the strength of their conclusions, that 
in these forms the chromosomes at an\ given stage bear a certain 
size relation to each other, and that this presents strong evidence 
in support of the theory of the individuality of the chromosomes. 

But if we grant these conclusions with regard to the forms 
studied, does it necessarily follow that these conclusions should 
be made* more general and applied to the chromosomes of all 
animals/ W hat shall we say as regards the application of this 
test to the chromosomes of a form in which the difference in 
size is not so marked or in which the chromosomes all appear of 
nearly one size/ Such is apparently the case in Scolopcmlra. At 
ordinary magnification there is very little difference in the size 
of the chromosome^ as seen in a metaphase of the first spermato¬ 
cyte. Some difference is to be detected even at a magnification 
as low as 1,000 diameters, but this is so slight that if size alone 
be used as a criterion it would seem impossible to distinguish be¬ 
tween the chromosomes farther than to say: “This is one of the 
smaller ones” or “one of the larger ones.” 

‘Sutton. \Y. S., :o:, “On the Morphology ol* the Chromosome group in Bra - 
chystola magna,” Biol. Bull., Yol. 4. pp. 2 4 39, 11 fig. 
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*Xo\vlin. Nadine, :oS. “The Chromosome Complex of Melanoplus biviltatus 
Say." Kaus. Vniv. Sci. Bull., Yol. t\\, pp. 265-271, 2 plates. 
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Bu t other tests may be applied and have been applied. Baum¬ 
gartner 1 (104), made an attempt to distinguish the chromosomes 
in Grylhis by differences in form. He reaches the conclusion 
that in Gryllus certain definite shapes constantly occur and estab¬ 
lishes the probability that there is a fixed number of each type. 
Davis 2 (:oS), working upon various Orthoptera reaches the con¬ 
clusion that “In addition to the difference in volume, the bivalent 
autosomes (chromosomes) show constant and characteristic dif¬ 
ferences in form. In general several more or less distinct morpho¬ 
logical types can be distinguished, and the members of each type 
appear to bear a constant numerical relationship to each other.” 

Robertson, :o8 {op. cit .), does not consider the shape of the 
chromosome of first importance in establishing its identity but 
considers size as the primary characteristic, while shape is second¬ 
ary and to a certain extent dependent upon size or at least upon 
the degree of lengthening. The main criticism I wish to make 
regarding Robertson’s conclusions on this point is that in his 
study of the chromosomes, he has not drawn them from the best 
view point to establish any characteristic difference in shape. 
His drawings are all or nearly all of chromosomes as seen in polar 
view, whereas a view at right angles to the spindle is more satis¬ 
factory in determining both the shape of the chromosomes and 
their relation to the mantle fibers. 

In Scolopcndra , as I have already implied, it is impossible to 
establish the identity of many of the chromosomes on the basis of 
size alone. Early in my work, however, after six or eight chromo¬ 
some groups had been carefully drawn, it became evident that the 
chromosomes as seen in a lateral view of the metaphase of the 
first spermatocyte are of several distinct types as regards shape 
and that the size relation of the chromosomes of each type are 
such as to make it possible to distinguish the individual chromo¬ 
somes with some degree of certainty. This, I think, will be 
apparent from a study of the figures of plates I. and II., although 
it must be borne in mind that the figures are of course much less 
satisfactory for this comparison than the actual chromosomes, 

‘Baumgartner, \V. J., 104. “Some New Evidences for the Individuality of the 
Chromosomes,“ Biol. Bi ll., Vol. 8, pp. 1-23, 3 plates. 
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due In the* fact that many of the chromosomes do not lie at right 
angles to the line of vision ancl must, therefore, appear fore¬ 
shortened in an outline drawing. 

Before discussing the individual characteristics of the various 
chromosomes as v r( *n in metaphase, it might he well to give a 
brief review of their history in the prophase. The spermatocyte 
chromosomes are seventeen in number. Of these, sixteen are 
bivalent elements formed bv the end to end union of univalent 
chromosomes during the telophase of the last spermatogonial 
division Blackman. :<>;>, 05, op. < /'/. . The sev enteenth element, 
the accessory chromosome, is univalent in character, being de¬ 
rived directl\ from a single sj eciali/ed chromosome, the accessory 
chromosome of the spermatogonium. The grow th period following 
sv napsjs is of h mg du 1 ati< m in .S’< olopcndru , and during this period 
all of the chromosomes art* grouped together to form a nucleolus- 
like stnnture to which 1 have given the name karyosphere. 
While in the karvosphere the chromosomes are so closely aggre¬ 
gated that their indiv idnal outlines cannot be distinguished with 
certaintv. They, however, enter the kar\osphere as distinct in¬ 
div idihils and Liter arise from it as definite chromatin segments, 
similar in evnv re-spec t except for their greater size. These 
facts would seem to argue for, rather than against, the individu- 
alitv of the chromosomes during this stage. 

In the prophase the chromosomes arising from the karyosphere 
are typieallv long, slender threads nf granular chromatin, which 
invariablv show near their middle an interruption of the chro¬ 
matin this representing the point at which the chromosomes 
united during synapsis. The two spermatocyte divisions always 
result in a longitudinal and a cross division of these bivalent 
elements. 'The longitudinal division as a rule seems to occur 
first, although, as vve shall see later, this is not invariable, even 
for the ordinary chromosomes. "The cross division or reduction 
division results in the separation of entire spermatogonical chro¬ 
mosomes, the division occurring at the point at which they united 
during synapsis. However, although the results of these di¬ 
visions are the same for all of the chromosomes (with the excep¬ 
tions to be noted later), the changes through which the tetrad 
pass in the prophasc and the shapes they assume during the pro- 


142 


M. W BLACKMAN 


phase and later during the metaphase differ to some extent. As 
this difference in shape is one characteristic by which we must 
hope to identify the various chromosomes, occasion may be taken 
here to describe briefly the processes by which these various 
forms arise. 

What I shall call type A is represented in the text-figure I. 
The origin and evolution of this type of tetrad is described in 
sufficient detail in previous papers (Blackman, 103, 105, op. cit .); 
so it will not be necessary to repeat the description in detail. 



Fig. I. Scmi-diagraminatic representation showing the formation and history 
of the cross-shaped type of tetrads; a, bivalent chromatin segment as it appears 
in the very early prophase; b, planes of longitudinal and transverse cleavage 
established; c, d, later stage in evolution of prophase tetrad; e, /, tetrads as seen 
in early metaphase; g, tetrad in act of division, showing the manner in which the 
component parts glide over each other; h, early anaphase showing distortion of 
halves of tetrad due to their close adhesion; i, daughter chromosome in metaphase 
of second spermatocyte. 

Fig. II. Corresponding stages in evolution of the double-V type of tetrad. 

1 wish, however, to emphasize two points. First the points at 
the ends of the shorter arms of the cross-like figure (Fig. I, b, c, d) 
represents the point at which union occurred during synapsis. 
The attachment of the mantle fibers in the metaphase is not at 
this point as it is said to be in Syrbula by Robertson (:o8, op. cit .) 1 
but is at the ends of the longer arms of the cross as shown in 
Fig. I, e, /, £. 

Robertson believes that the attachment of the mantle fibers 
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coincides with the point of synaptic union of the elements and 
that each bivalent chromosome during its division undergoes a 
‘‘change of its long axis from a longitudinal to a transverse direc¬ 
tion.” This is accomplished by a rotation of the chromatids 
over each other in such a manner as to result in a longitudinal 
division of the tetrad in the first spermatocyte. In Scolopnidra, 
as 1 have shown in previous papers (op. cit.) % no such complicated 
process occurs in division. The long axis of the tetrad in most 
cases remains parallel to the line of longitudinal cleavage and in 
the metaphase the two hakes glide over each other during the 
act of division. As may be seen in the semi-diagrammatic 
drawings (Fig. I, g, h) and in several of the chromosomes of this 
type in the accompanving plates, the two hakes of the tetrad 
seem to adhere rather closok and there is often considerable dis¬ 
tortion. lit Fig. I, //, drawn from my preparations direct it will 
be sren that the parts o| the two daughter chromosomes remain¬ 
ing longest in contact are considerably lengthened and distorted 
apparently due to the firm adhesion of the two parts. 

'The second type of spermatoev te chromosome is the “donble- 
\ ” tetr.id described b\ me in a previous paper (op. r it.). This 
type usually arises from the bivalent chromosomes of the early 
prophase which are bent at a sharp angle at the point of synapsis. 
After the longitudinal cleavage of the chromatin thread has oc¬ 
curred the double thread becomes shorter and thicker, resulting 
in the double-V-shapcd structure shown in Fig. 11 , r. There is at 
all times a v ery apparent interruption of the chromatin at the 
angle of each thread (point of synapsis), and it is at this point 
that the cross division occurs later. In the late prophase there 
is a still further condensation of the chromatin and shortening of 
the thread, resulting in the closer apposition of the ends of the 
threads farthest from the point of synapsis, resulting in a chromo¬ 
some of the shape shown in Fig Ike,/. At the time of the forma¬ 
tion of the spindle the mantle fibers come to be attached to the 
distal ends (ends farthest from point of synapsis) of the tetrad in 
such a manner (Fig. 11 , t\ /. g) that the chromosome is divided 
along its longitudinal axis. In this type also, the two halves of 
the chromosome seem to adhere closely and to divide reluctantly 
(Fig. II. £, //, also Figs. 6, /, and 17,7). 
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The chromosomes of the third type arise from thread-like 
structures similar to those from which type A and B arise. This 
thread may be either approximately straight, or it may be curved 
slightly in various ways, but is never bent at a sharp angle at the 
point of synapsis. The filament undergoes a longitudinal cleav¬ 
age just as with the other types. The two resulting threads, as a 
usual thing, lie parallel to each other (Fig. Ill ,b y c) but in some 



Fig. III. Evolution of the doublc-rod-shaped tetrads, a, bivalent chromatin 
segment; b, c t d, formation of tetrad; e, f, tetrads as seen in early stages of the 
spindle; g, i\ ordinary tetrad in two stages of longitudinal division; /;, rod-shaped 
tetrad apparently in act of transverse division; j, dyad as seen in metaphase 
(secondary spermatocyte). 

Fig. IV. Variation of double-rod-shaped tetrad. In early prophase the double 
chromatin segment is often twisted as shown in b. The shortening of chromatin 
thread results in less and less twisting; so that the two paits of the metaphase 
chromosome merely overlie each other at an angle or an* only partially wrapped 
about each other. 

cases they are twisted about each other, so as to form a rope-like 
structure (Fig. I Y,b,c). In such cases the resulting chromosome 
lias a somewhat different shape. In this type of chromosome the 
tetrad resulting appears rod-shaped or double rod-shaped de¬ 
pending upon the angle from which the structure is viewed. 
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After the planes of longitudinal and cross division are established, 
the further changes involve merely a shortening and condensation 
of the entire structure. In Fig. III, c, d, two stages in this process 
are shown, both cleavages being very evident. Later, as the 
condensation continues these planes of cleavage are obscured to 
some extent and usually the only evidence we have of the longi¬ 
tudinal cleavage is a very definite notch at each end of the chro¬ 
mosome, while the plane of cross division is usually shown merely 
by a slightly lessened diameter of the tetrad near its middle (Fig. 
11 \,rf, (\ f). In some cases, however i Fig. 3, g, //), the planes of 
longitudinal and transverse cleavage may be seen very distinctly 
even in the metaphase (1'ig. 4, n, 13, 16, etc.). In meta- 

kinesis a longitudinal division is accomplished by a gliding apart 
of the two halves of the tetrad Fig. Ill, g, i) in a manner 
essentially similar to the division of the cruciform tetrads. 

In a number of the- cells studied there seems to be one of the 
chromosomes of this tvpe. which presents quite a different ap¬ 
pearance during the act of division. A constriction appears in 
this chromosome at about the middle point (the plane of trans¬ 
verse cleavage). This is s () pronounced that there is in many 
cases (dependent on the stage of division) a partial or even a 
complete interruption of the chromatic material at this point 
(Figs. 3, 4. x, q, \, 10, \, etc. . From a careful study of this 

chromosome in many cells, the conclusion seems inevitable that 
this one tetrad undergoes a transverse division, while the rest of 
the chromosomes are dividing longitudinally. 

A variation of the rod-shaped tetrad is shown in text-fig. 1 V. 
Here after the longitudinal cleavage has been established, the two 
threads, instead of King side* by side, are twisted about each 
other in such a way as to form a rope-like structure. The result¬ 
ing metaphase chromosome differs somewhat in appearance from 
others of this type, although in all essentials it is identical. As 
the threads shorten the twisting gradually becomes less and less 
pronounced (Fig. 1V, b y r, d, e) until in the completed chromosomes 
there is only a slight twisting and usually the two parts merely 
overlie each other at an angle. The division accomplished by 
the first maturation mitosis is a longitudinal one. 

Besides these three types of ordinary chromosomes all of which 
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are bivalent there is one clement which is univalent in character, 
being derived directly from a single spermatogonial chromosome. 
This is the accessory chromosome and in the metaphase can 
always be distinguished by its characteristic shape, and especially 
by the fact that it is connected by mantle fibers to only one pole 
of the spindle. There is usually no indication of the plane of 
division in the accessory chromosomes at this time, although in 
the prophase a longitudinal constriction is often shown. 

The chromosomes of Scolopendra Jieros are seventeen in number, 
sixteen of which are bivalent, while one is univalent. The sixteen 
bivalent chromosomes undergo longitudinal and transverse divi¬ 
sions during the prophase and at the beginning of the metaphase 
are of several different types as regards shape. After studying a 
large number of metaphases of both the large and small (Black¬ 
man, 105) type of spermatocytes it has been found to be a rule 
that in each cell the chromosomes of the several types bear a 
definite and constant numerical relationship to each other. This 
fact can best be appreciated by referring to the accompanying 
plates. It will be seen at a glance that the cruciform tetrads 
which have been described above as type A are in all cases six in 
number. Furthermore, among the chromosomes of this typical 
form a definite size relation exists which makes it possible to 
arrange the cross-shaped chromosomes in a graded series on the 
basis of bulk. To be sure, the difference in size is not so striking 
as that existing between the largest and smallest chromosomes in 
some insect material, but ! believe is as great as the difference in 
size between adjacent chromosomes of the graded scries in insects. 
It is perhaps unnecessary to explain that the actual size difference 
is in many cases greater than appears in the camera lucida draw¬ 
ings, owing to the fact that some of the chromosomes are fore¬ 
shortened on account of the angle from which they are viewed. 
1 or this reason, the drawings are much less convincing than the 
preparations. 

The shape of the chromosomes, aside from showing an apparent 
modification due to the angle of vision, actually does vary con¬ 
siderably but each of the group of six chromosomes in question 
arc always reducible to the cruciform tetrad described as type A. 
The variations in shape have to do only with the degree to which 
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the short arm of the cross is drawn out and to apparent differences 
incident to the angle of vision. When the short arm of the cross 
is drawn out hut little the tetrad approaches the rod-shaped 
chromosomes of type C. Then, too, the cruciform tetrads vary 
in shape in different stages of the metaphase. The limbs of the 
cross are more likely to be of nearly equal size in the early spindle 
stages than when division ha- actually begun. As the chromo¬ 
somes even in the -ante equatorial plate, are not all in cxactlv 
the same stage of division at the sime time this factor should 
recei\e consideration. 

An attempt was made to learn w hether any of the chromosomes 
cons tan 11 \ ei t her lag behind or precede t he < >t hers in division. 11 
was found that chromosome A. the largest of the cross-shaped 
tetrads, shows a tendeiu \ to lag somewhat behind the others of 
this t\pe. In many of the < hronio-ome groups this i> very evi¬ 
dent. In some cells it is not vet oriented in the characteristic 
manner in the equatorial plat** at a time w hen some of the others 
have begun to -how the t harm teristic change in shape incident to 
the gliding apart of their < ompoiient elements. This can be seen 
1 >\ comparing ( hromo-ome A with other chromosomes of similar 
tvpe in I’igs. i 4, di . I Inn, too, this chromosome often 
pro-ents a le-s clear-cut outline than do the others, approaching 
the granular condition charm leristic of the prophase. 

t )f the chromosomes of tvpe B there are live present in the 
metaphase of Si oloftcnrfru lit ro\. 1'his is tin* tv pc of chromosome 
which shows the 1 harm (eristic dotible-Y shape in the prophase. 
The difference in shape between the* tetrad- of this t\ pe and the 
cross-shaped elements is iisualb quite striking. Kven more char¬ 
acteristic of this tvpe i- the attachment of the mantle libers and 
the orientation of the chromosomes in the equatorial plate. As 
seen in side view, tin* chromosome is more or less rectangular in 
shape, but one end is usually wider than the other and to the 
angles of this end the mantle libers are attached. The chromo¬ 
some usually lies with ihi- end toward the center of the spindle, 
while the free end (that to w hich the mantle libers do not attach) 
extends outward. 'Phi- free end is often notched and this notch 
indicates the plane of longitudin.il division. In end view (Figs. 
1, /, 6, J % etc.) the appearance is not so characteristic in the draw- 
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ings, although in the preparations there is no difficulty in recog¬ 
nizing the true shape of the chromosome, the apparent difference 
in shape being due to the view-point from which it is seen. 

The five chromosomes of type B form a graded series as regards 
size, just as with those of type A. The largest one is very per¬ 
ceptibly greater than the smallest, and the intermediate ones 
differ in size to such an extent that there is usually little difficult)’ 
in assigning them to their proper place in the scries. Xo indi¬ 
vidual of this type shows any constant precocity or tardiness in 
division, although in some cells one or more of them are farther 
along than the others (Figs. 6, /, 17, J). 

The rod-shaped tetrads (type C) are five in number in Scolo- 
pendra heros. They show the same constancy in size relation as 
do the other types, and may be readily arranged in a graded series- 
Usually one or more of this type of chromosome show the com¬ 
ponent parts overlapping each other at an angle or partially 
wrapped around each other, indicating that they arise from the 
twisted threads often seen in the prophase and already described. 
However, these are not constant in occurrence and this condition 
seems to depend largely upon chance. 

A fact which has proved rather puzzling was brought out by a 
careful study of the various chromosomes of this type. \\ hile 
it cannot be doubted that four of the rod-shaped chromosomes 
divide longitudinally in the first spermatocyte division, the fifth 
tetrad of this shape apparently divides transverse!)'. In all cases 
in which this element is well advanced in the metaphase there is 
a very evident constriction at its middle point, and in some cases 
this amounts to a nearly complete interruption of the chromatic 
material. \ his is especially evident in Figs. 3, 4, 10, chromosome 
A r . Indeed, it seems hardly possible to escape the conclusion 
that at the same time the other fifteen bivalent chromosomes are 
undergoing longitudinal division, this one element is divided 
reductionally. 

This, however, is no less to be expected than is the behavior of 
the accessory chromosome in this same division. It differs from 
the other chromosomes in being univalent (/. c., it has no synaptic 
mate), while the rest are bivalent. After the formation of the 
spindle it lies among the other chromosomes and is scarcely dis¬ 
tinguishable from the rod-shaped ones aside from the fact that 
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it is connected by mantle fibers to only one pole of the spindle. 
It is not divided by the first spermatocyte division but passes to 
one pole entire. Thus the result is in a sense similar to a reduc- 
tional division, the two cells differing as regards the distribution 
of this element. It has no synaptic mate and is, therefore, dis¬ 
tributed to only one of the resulting cells (Figs. 19, 20). 

It is evident that the unequal distribution of the accessory 
chromosomes produces two sorts of secondary spermatocytes— 
one half h aving only the sixteen ordinary chromosomes and one 
half having the accessory chromosome in addition. By the 
second spermatocyte division, the accessory chromosome is di¬ 
vided and as it occurs in but half of the second spermatocytes it is 
distributed to only half of the spermatids, thus giving rise to a 
dimorphism among the spermatids and spermatozoa. The signi¬ 
ficance of this dimorphism has been discussed by a number of 
investigators McClung 1 (:o2), Wilson 2 (:o6), Stevens 3 (:o8, :08a, 
:o9) Boring 4 (:<)7) and others and, as l have nothing new in the 
wav of observations to offer it would appear hardly profitable to 
consider the subject in detail. I believe, however, that when the 
chromosomes of the female germ cells of Scolopcndra are studied 
it will be found that these are thirty-four in number in the 
ovogonia, and that the following fertilization formula.* of Wilson 
(:o6, op. oil.) will hold good for this species: 

V V' ( inclii ling \ ,, . 

Fgg T SiHTiii.no/ooii I = A (lemale). 

2 2 \ accessory / 

V .V / accessory \ 

Egg -f Spermatozoon — i 1 , . ) = A — i (.male). 

2 2 \ lacking / 

‘McCtiing. C. K., :oj. “The Accessary Ctiromosume—Sex Determinant?*’ 
Biol. Bru... Vol. 3. pp. 43 S4 

*\Vilsoii. K. B.. :oO, "Studies on Chromosomes—III., The Sexual DilTerences of 
the Chromosome Group in Uemiptera, with some Considerations on the Deter¬ 
mination and Inheritance of S-x." Journ. Exp. Zool . Vol. III., pp. 1-40, 6 fig. 
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In ScoJopendra (Blackman, 105, op. cit.) there are two distinct 
types of spermatocytes readily divisible on the basis of size. 
Those characterized by the larger size are about twice the average 
diameter of the smaller ones and vary from them in behavior in 
the two maturation divisions. But this variation in behavior 
concerns the achromatic structures of the cell and seems to be 
due to the much greater amount of cytoplasmic and archoplasmic 
material present in the larger cells. It is extremely interesting 
to note that as regards the behavior of the chromosomes these 
two sizes of spermatocytes are essentially identical. Indeed, the 
chromosome groups of the small cells differ in no respect from 
those of the large type. The elements are no smaller than in 
many of the large cells and present the same constancy in form 
and the same size relations characteristic of the large type of cells. 
Figs. 16, 17, 18 represent the chromosome groups of the small 
type of spermatocytes. Many more were carefully studied and 
drawn and all show the same characteristic shapes and size rela¬ 
tions typical of the spermatocyte chromosomes. In fact, the 
only reason more of these were not used is that they are not so 
desirable for study owing to the difficulty in drawing them due 
to their closer crowding in the metaphase. 

The shape of the daughter chromosomes as they move apart 
to the poles in the anaphase of the first spermatocyte mitosis is 
quite characteristically different for the different types of chro¬ 
mosomes (Figs. I, II, IV, h, III, /). Those resulting from the 
division of cross-shaped tetrads have the three lobed appearance 
shown in Fig. I, h. The daughter chromosomes resulting from 
the division of the double-V-shaped tetrads have the shape shown 
in Fig. II, /?, and are essentially single-Y-shaped chromosomes, 
as is shown at a later stage. Those resulting from the division 
of the double-rod tetrads, as they move toward the poles, have 
the form of single rods, slightly constricted near the middle. I 
have been unable to identify positively the division products of 
the tetrad which undergoes its reduction division in the first 
mitosis, l)iit in several anaphases six of the daughter chromosomes 
of each group are Y-shaped, and it is probable that the sixth one 
of this shape is the chromosome in question. This is rendered 
more certain by the observation that in these cells there are but 
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four of the rod-shaped chromosomes exclusive of the accessory, 
which, of course, is present in hut one of the chromosome groups. 

The chromosome groups, as seen in the metaphase of the two 
cells derived from one primary spermatocyte are shown in Plate 
II., Figs, ip, 20. The most striking fact to be observed is the 
absence of the accessory chromosome in one of the cells. Even a 
superficial examination, however, "hows that in shape and relation 
to the mantle fibers the chromosomes are of several different 
types, and that these characteristics coincide with what would 
be expected from a study of their earlier history. The chromo¬ 
somes derived from the cros>-shaped tetrads have altered their 
shape considerably since last seen in the anaphase ol the first 
maturation division. They are much shorter and thicker and 
are now bilobed bodies the constriction between the lobes repre¬ 
senting the plane of transverse cleavage. The attachment of 
the mantle libers seems to be at no particular point but may be 
at any part of each Mutinied end ol the dyad. 

The strut tural peculiarities o| the chromosomes derived from 
tin* double-V-shaped tetrads are much more characteristic. In 
shape the dyads of this tv pc resemble those just described to 
some extent, but, except in si/e, bear a more striking resemblance 
to the dotibleA -shaped chromosomes from which thev are de¬ 
rived. One end, usually the one nearest the center of the equa¬ 
torial plate, is broader than the other, and the entire structure 
very evidently corresponds to the ^ingle-V-shaped chromosomes 
of the first spermatoev te anaphase. I he mantle fibers an* always 
attached to the broader end of the dyad, this fact being even 
more characteristic than the shape. I he* appearance ol these 
chromosomes \\ hile in the act ol division might lead one to believe 
that the resulting division is a longitudinal one, but such a con¬ 
clusion would ignore entirely the prev ious history of this type of 
chromosomes during the prophase and mclaphase of the lirst 
maturati<m div isi<m. 

C hromosomes L. M. (> and I\ in the second spermatocyte 
(Figs, it), 20) are the product of the longitudinal division of the 
roil-shaped tetrads. They are dumbbell-shaped dyads with a 
mantle fiber attached to each end. The constriction at the 
middle of each represents the plane of transverse division. C hro- 
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mosome N shows a considerably different shape, corresponding 
to its different history. It is shorter and in one plane broader 
than the other dyads derived from the dotible-rod-shaped tetrads 
of the first spermatocyte. It has been already shown that chro¬ 
mosome X of the first spermatocyte probably undergoes a trans¬ 
verse division while the other tetrads are dividing longitudinally, 
and we would, therefore, expect the products of this division to 
present a different appearance from the other dyads. As a 
matter of fact, it is of quite a different shape from the others 
derived from the double-rod tetrads. 

The differences in size between the various chromosomes of 
the different types is, of course, only half as great in the second 
spermatocyte, as it is in the first spermatocyte, and therefore 
there is not such certainty in identifying the various individuals 
of the different types. But the same size ratio seems to exist 
and the chromosomes of the different types can readily be ar¬ 
ranged in a graded scries as regards size, just as in the first 
spermatocyte. 

It has been shown by this study that the chromosomes of 
Scolopendra keros cannot be considered as ephemeral structures, 
which have one appearance in one cell and present an entirely 
different form in another cell of similar history. Any study 
except a very superficial one must lead to an entirely different 
conclusion. By a study of many hundreds of cells in various 
stages of mitosis it has been found that the number of chromo¬ 
somes in the primary spermatocytes is absolutely constant and 
invariable. Furthermore, these chromosomes show other char¬ 
acteristics, which speak very strongly for their individuality. 
The ordinary chromosomes are divisible into three types on the 
basis of the shape they assume in the prophase and metaphase of 
the first maturation division, and in their relation to the mantle 
fibers of the spindle. The individuals of each type of structure 
are invariably of the same number and in all favorable cases each 
chromosome of a given type is distinguishable from the others of 
a similar shape by a difference in size. 

In addition, several of the chromosomes possess certain in¬ 
dividual peculiarities aside from shape and size, which serve 
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further to characterize them. One of the cross-shaped tetrads 
is tardy in orienting itself in the plane of the spindle. Another 
chromosome, one of the rod-shaped ones, shows a much more 
striking and fundamental peculiarity, in that it differs from all 
of the rest of the bivalent chromosomes in the plane of its divi¬ 
sions in the first and second spermatocytic mitoses. The ac¬ 
cessory chromosome shows still more striking peculiarities, differ¬ 
ing from the others in its origin, valence, behavior in the prophase, 
relation to the mantle fibers of the spindle and in its distribution 
to but one half of the resulting ('ells. 

All of the facts enumerated above offer evidence which seems 
conclusive that the chromosomes of Scolopnulra keros, during the 
spermatocyte stages at least, must be considered as distinct 
entities, each one possessing certain well defined peculiarities 
which are as rliar.u tcristic for any given chromosome of the 
spermatocN tes as are the peculiarities of a specio <>f animals. 1 
believe that eventually in main animals it will be possible to 
make this statement still broader and to demonstrate the con¬ 
tinuity of the individual elements from cell generation to cell 
generation. We will, then, be able to say th.it, while in different 
cell generations or different conditions o! cell activity, the appear¬ 
ance and bell a \ ior of any given chromosome may be quite dif¬ 
ferent, just as is true of many animals in different stages of their 
existence, yet in a similar cell generation any particular chromo¬ 
some will present the same appearance and will behave in the 
same manner. I believe that the condition described above is 
true in Scolopendrn keros but several facts conspire to make it 
impossible of physical demonstration. 

These difficulties are mechanical difficulties and have to do 
with the small size of the chromosomes in the spermatogonial 
stages and the ('lost* aggregation of these elements in the karyo- 
sphere of the grow th period. The difficulties due to the small 
size of the chromosomes in the spermatogonial stages appears 
insurmountable, and the only evidences of individuality which 
they present have to do w ith their absolute constancy in number, 
and with the very characteristic behavior of the accessory it 
being the only element which can be identified at all stages. 
We might reason from this that because one of the elements 
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displays unmistakable individuality all of the chromosomes pos¬ 
sess individuality. This argument has been made in other cases 
and, while the continuity of the accessory chromosome does offer 
valuable evidence in support of the individual continuity of the 
chromosomes in general, it cannot be said to establish the truth 
of the general theory. 

The difficulty of establishing the individuality of the chromo¬ 
somes during the growth period would seem full}' as great as 
during the spermatogonial period. During all the stages in which 
the karyosphere exists the chromosomes are so densely aggregated 
that it is impossible to distinguish the separate elements. But 
even at this time it is possible in favorable cases to distinguish 
the accessory chromosomes and to discern the outlines of some 
of the other elements. Furthermore, as 1 have shown in previous 
papers (Blackman, 105, op. cit.) the chromosomes enter the karyo¬ 
sphere as distinct bivalent elements, and at the end of the growth 
period arise from it as distinct chromatic segments of the same 
number and character as in the earlier stage. 

The chromatin segments entering the karyosphere are bivalent 
threads formed by the union and subsequent diffusion of two 
spermatogonial chromosomes. The point of union of synapsis 
shows very plainly as a distinct interruption of the chromatin 
granules near the middle of the segment, the interval being 
bridged by linin fibers. In favorable sections of the karyosphere 
(i. e. } those in which the stain has been sufficiently extracted) it 
is seen that this body is made up of a number of chromatin seg¬ 
ments closely massed about the accessory. The chromosomes 
on leaving the karyosphere are of the same structure as when 
they entered, arc of the same number and in appearance differ 
from those of an earlier period in size only. In fact, the larger 
spermatocyte chromosomes possess nearly as great a bulk as the 
entire chromosome group of the spermatogonium, this immense 
increase in size being accompanied by a growth of other parts of 
the cell, which is proportionally even greater. 

It would appear then, that during certain stages of the sper¬ 
matogenesis of Scolopetidra it is possible to demonstrate absolutely 
that each chromosome is a distinct unit characterized by certain 
definite and constant peculiarities and that the continuity of 
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each element can he traced from the early prophase of the first 
spermatocyte to the anapha>e of the second maturation division. 
In other words, it is evident that during this very important 
period of their history the chromosomes show complete individu¬ 
ality. In other stages, namely, in the spermatogonia and during 
the growth period, it cannot he claimed that the continuity of 
the chromosomes is actually demonstrated in Scolopcndra, al¬ 
though evidence strongly supporting such a view undoubtedly 
exists. 

Si MM ARY. 

The chromosome group of the primary spermatocytes of Scolo- 
pctulra herns is made up of d\tern hi\ .dent chromosomes (tetrads) 
and one univalent chromosome dyudi, the accessory chromo¬ 
some. 

I'he chromosomes show such constancy in shape in the pro- 
phase and metaphase of tlie primary spermatocytes, and in their 
relation to the mantle fibers of the first maturation spindle, that 
they seem naturally to group themselves under four distinct 
types. These may he designated respectively, as the cross¬ 
shaped tetrads, the dotihle-V-shaped tetrads, the rod-shaped 
tetrads, and a single-rod-shnped dyad. 

file cross-shaped tetrads are six in number and may he ar¬ 
ranged in a graded scries as regards si/e, the dillerence in hulk 
being sufficiently great to allow the individual chromosomes of 
this type to he distinguished. One of the chromosomes of this 
type (the largest one) can furthermore often he identified by’ its 
tendency to lag behind the others during the early’ metaphase. 

Five of the tetrads arc* of the double-V shape. The individuals 
of this type also may he distinguished by differences in hulk. 

file rod-shaped tetrads are present to the number of five. 
These show constant si/.e relations and may readily he arranged 
in a graded series as regards magnitude. One of the tetrads of 
this type differs from the others in the form it assumes during 
actual division. It seems to divide transversely, while the others 
are dividing longitudinally. 

The accessory chromosome is univalent and passes to one of 
the secondary spermatocytes without division. During the 
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metaphase it is connected b}’ mantle fibers to only one pole of the 
spindle. 

As a result of the first spermatocyte mitosis fifteen of the 
tetrads are divided longitudinally (equationallv), while the one 
remaining tetrad divides transversely (rcductionally). The fail¬ 
ure of the accessory chromosome to divide is, also, in effect a 
rcductional division. 

During the later stages of the first maturation division and 
during the metaphase of the second spermatocyte, it is possible to 
distinguish the daughter chromosomes derived from the several 
types of tetrads, by their shape and their relations to the mantle 
fibers. The individuals of the various types show the same size 
ratio as exists between the chromosomes of the first spermatocyte, 
although, of course, the actual difference in bulk is but half as 
great. 

The above results seem to establish as a fact, or at least as a 
very strong probability, that the chromosomes of Scolopendra 
keros are distinct and definite individuals, which, under similar 
circumstances, i. e. y in the same cell generation, show a remark¬ 
able constancy in form, relative size, and in their attachment to 
the mantle fibers. This constancy of form, size and behavior, 
affords a strong argument in favor of the theory of the individu¬ 
ality of the chromosomes in this species in particular and adds 
support to the evidence derived from the study of other forms, 
to the general application of the theory. 

Laboratory of Zoology, 1 

Syracuse University, 

April ii, iqio. 
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Explanation of Plate I. 

All drawings were made by the author with the aid of a camera lucida. The 
optical equipment consisted of a Zeiss apochroinatic objective of 2 mm. focus and 
a number 12 compensating ocular, the source of the light being a Welsbach mantle 
The original magnification was 2,300 diameters and the drawings were reduced 
one fifth in reproduction, making the final magnification 1,840 diameters. 

The seventeen chromosomes arranged in each horizontal row represent the 
chromosomes of a single cell, as seen in a side view of the spindle in the metaphase. 
They are arranged as follows: the six which show the characteristic cruciform shape 
comprise the first six of each row and are lettered A, B, C, D. E and F. Those 
showing the double-V shape—five in number—are lettered G, II, I. J and K. 
Those corresponding to the double-rod type of structure are lettered L, M, X, O 
and P. The seventeenth and last chromosome in each row is the accessory and 
is distinguished by the letter Q. The individuals of each type of structure are 
further arranged in a graded series as regards size, the largest first, etc. 

Figs. 1 —15 represent the chromosome groups in the metaphase of the large type 
of first spermatocytes. 
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Explanation of Plate II. 

Figs. 16-1S represent the chromosomes of the small type of spermatocyte in a 
similar stage. 

Figs. 19 and 20 represent the chromosomes of the two second spermatocytes, 
derived from one primary spermatocyte. The individual chromosomes are arranged 
so as to correspond in position to the parent chromosomes as seen in the other 
figures. As will be seen, in one cell the accessory chromosome is not present, it 
being distributed to only half of the secondary spermatocytes. 
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MAXCAXESE OF THE LAM ELLI BRANCHS. 

II. t . BRADLKY. 

UKPAkTMhNT OF PHYSIOLOGY, t'S'IYERSITY OF WISCONSIN. MaLHSON. WlS. 

In iS<)2 C'.ri I’ll ills published an account of the finding of man¬ 
ganese in the blood of the lamellibranch. Pinna squamosa. 1 So 
far as 1 am aw are this result has ne\ er been confirmed nor until 
recently lias an examination of other molluscs led to an extension 
of this isolated fact. To the student of comparative physiology 
such a finding must be of considerable interest, adding one more 
respirator) mechanism to the list of fi\e or six with which we 
are familiar. At the same time it is highly improbable that 
Pinna squamosa is the onl\ mollusc utilizing manganese in a 
respirator) - compound: we should expect to find the element 
in other forms more or less closely related to it. It is a matter 
of common observation that the respiratory proteins of the more 
highly organized animals fall into a few general types, such as 
haemoglobin or hamioryanin, and th.it while individual bloods 
may show subtle biological differences within one of these groups, 
there is never any difficulty in determining chemically whether 
a blood pigment is a hu*moeyanin, a lnemoglobin, or some 
other typical complex. The effective respiratory mechanisms 
are thus quite limited, so that we do not expect to find a single 
member of a family possessed of a blood protein totall) - unlike 
the other members of that family. 

For this reason we have extended the investigation of this 
point somewhat with a v iew to determining what other lamelli- 
branchs are provided with a respiratory mechanism similar to 
that of Pinna squamosa . The most notable group which we 

•Grifiiths, Cotnpt. rend. </«• I'Acad. d?s Set., CXIV.. p. 8;o. 
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have thus far found to utilize the element manganese is the 
UnionidtC, the common fresh-water mussels. Since 1906 when 
the element was first noticed in the specimens obtained from 
the Madison Lakes of Wisconsin, 1 we have examined many 
hundreds of specimens from the Mississippi basin, St. Lawrence 
and Atlantic coast drainage. In not a single specimen has the 
element been wanting or small in amount. It is obvious that a 
single individual which failed to show manganese, or contained 
only a trace of it would be sufficient to cast grave doubts upon 
the normality of the element and lead one to ascribe an adven¬ 
titious character to it. But in every case manganese has been 
abundant. The reactions for its identification are fortunately 
brilliant and decisive and at the same time indicate very well 
the relative amount of the element. The quantitative deter¬ 
minations show that the metal occurs in cpiite uniform amounts 
in the various specimens examined. 

To summarize brieily the results: Some twenty-four analyses 
were made quantitatively upon material from about Madison. 
Some of these analyses were made upon single specimens of 
Anadonta or Unto, more were made upon a sample taken from 
the dried and pulverized tissues from a large number of speci¬ 
mens secured at one time from a given locality. Many of these 
analyses therefore represent the average of fifty or a hundred 
individuals. The average of the twenty-four analyses shows 
21.8 per cent, of ash in the tissues, 4.52 per cent, manganese 
present in the ash and 0.95 per cent, manganese in the tissues. 
Mussels from the Wisconsin River averaged about 14.5 per cent, 
ash, 2.4 per cent, manganese in the ash and 0.35 per cent, in 
the tissues. From the Temagami Reserve of Ontario mussels 
averaged 15.4 per cent, ash, 3.1 per cent, manganese in the ash 
and 0.45 per cent, in the tissues. Specimens obtained from a 
great number of localities in Michigan, Illinois, Wisconsin, 
Indiana and Iowa average about 17.0 per cent, ash, 3.4 per cent, 
manganese in the ash and 0.60 per cent, in the dry tissue. A 
number of normal, average sized specimens from Lake Mendota 
were dissected into their more prominent tissues or organs. 
Analyses of these fractions gave the following results: 

1 BraMlcy, Jr. Biological Chcm., III., 151, 1907. 
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Tii>suc. 


Per Cent. Per Cent. Per Cent. 



Ash. 

Mn in Ash. 

Mn in Tis 

Muscle 

.... 6.0 

4.S7 

0.293 

Stomach; fibrous part 

. 14-5 

5-73 

O.S31 

Stomach; non-fibrous part 

32.0 

4.66 

149-2 

Xepltriflial organs . 

27.0 

5-31 

1-434 

(’.ills . 

33 5 

4 .Sq 

I.63S 

Manilo 

4 s 0 

V 12 

2.457 

Li\«r 

3 ‘J-O 

5 -Ss 

2.107 

Kkk- 

37 ° 

2.024 

0.749 


Perhaps tin* iikm interesting result of these analyses was the 
presence of the element in tin* eggs and embryos, showing clearly 
that manganese is not an adventitious element picked up by 
the adult and held in the tissues from inability to excrete it 
as, for example, iron compounds max be in the mammalian 
spleen after certain dise.hes involving great destruction of red 
corpuscles. 

Another interesting point brought out in the above table 
is the e\n edinglv high mint ral conte nt <»1 Mich a tissue as the 
mantle. It*. ash content of gVo per cent, puts it in a class with 
mnmmalinm osseous tissm, though unlike the latter the mantle 
is soft and pliable. This is .1 tvpcof tissue resembling no verte¬ 
bral* organ or tissue nt which we are aware. It seems probable 
that its function .is a gland secreti 114 the -hell hum have some 
connection with the high mineral content. 

Having established as we believe the normality of the element 
manganese in the tissues nf the l nioiiida*. the question as to 
its origin nalnrallv prism is it-ell. It is hardly to be supposed 
that an animal of great complexity as a lamellibraneh would 
actually conc(*ntrate the clement from its highly dilute solu¬ 
tions in lakes and streams. Sueh concentration is usually per¬ 
formed bv lower forms of life which are then obtained as food. 
I11 the case of the* I nionida* the food origin of manganese is 
much more elearlv apparent than is the food origin of copper 
in many of the hamiocyanin-beuring animals. The waters in 
which the mussels arc found have invariably contained the brown 
masses of the manganifcroiis crenothrix mixed with diatoms, 
and other planctoii forms which very probably contain manga¬ 
nese also. And this brown slime seems to be the normal food 
of these mussels s<> far .is our observations extend. In Ontario 
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there are many lakes set in elean rocky basins, and fed by 
streams which leave little or no manganese stain on the rocks, 
and which appear to be free from the masses of erenothrix. 
In such lakes we have been unable to find mussels. In other lakes 
in the same region where seepage through glacial drift was ap¬ 
parent, or where the tributary streams flowed through such 
drift, discoloration of the stones, evidence of the presence of 
erenothrix, and the presence of the mussels seemed always to 
go together. For example in the Temagami Reserve, Lake 
Temagami itself is characterized by its clear water, and its clean 
rock basin. In certain parts occur limited areas of drift—sand 
and gravel -which are of insignificant amount. But though 
the bottom afforded, where the lake washed such drift areas, 
looked promising no mussels were found and the sandy stretches 
were apparently free from erenothrix. To the north of Lake 
Temagami are several lakes which lie in basins of glacial drift. 
In Sucker Gut, for example, sand and gravel beaches are abun¬ 
dant, the tributary stream flows through .many miles of drift 
and carries enough manganese and iron in solution to stain its 
stones and pebbles strongly brown and black. The sand itself 
is stained with iron, and the brown slimy masses of erenothrix 
are abundant. In this lake and its tributary stream we found 
enormous numbers of small mussels wedged in thickly between 
pebbles or projecting from the sandy bottom. The many obvious 
examples in this region of the simultaneous presence of manga¬ 
nese, erenothrix and mussels, or of the absence of all three is 
probably more than a mere coincidence. We believe that more 
careful examination would show that the mussels require such 
manganiferous food as erenothrix and that the)’ cannot live in 
waters where such food does 110I thrive. 

In growing the mussels in aquaria the specimens always carry 
enough of the manganiferous organisms clinging to them so that 
in a few days an abundant development of the bacteria results. 
In this way several hundred grams of the dry organisms have 
been obtained for analysis. Such specimens are mixtures of 
a great variety of organisms and thus show large differences in 
chemical content. The ash content of such plancton crops 
vary from 24 to 76 per cent, of the dry weight; the manganese 
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from 0.13 to 1.X4 per cent, of the dry weight. It has thus been 
possible to obtain, through the agency of these organisms, several 
grams of manganese from running water which contained about 
0.0000066 per cent, of that element. The concentrating effi¬ 
ciency of these lower forms is therefore of a high order. 

In secreting the shell, the I'nioniche deposit salts of man¬ 
ganese as well as of calcium and magnesium. The nacer of 
the shells, carefully freed from contaminating material, always 
gives a strong reaction for manganese; its presence in the shell 
is as characteristic as it*> presence in any of the tissues. It was 
thought therefore that an examination of fossil shells ot the 
rnioniila* would be of interest in determining whether the man¬ 
ganese is of comparatively recent occurrence in these animals 
or whether it is a metabolic' characteristic of long standing. So 
far we have had the op|>ortunil\ to examine but one well pre¬ 
served fossil shell. This was a specimen obtained through the 
courtesv of 1 >r. < «corge W agner who published <1 description 
of it in Xautiln v, Vol. i<V The nacer of this shell was perfectly' 
preserved, retaining its luster, though triable and crumbling 
to a powder easily. The lossil nacer gave 0.0X5 per cent, ot 
manganese, while fresh shells ot the present period frequently" 
contain as much .is 0.14s per cent. Mills it can be definitely’ 
assorted that the I'nionid.c in pre - 1 Miocene times were using 
the element manganese as vve tind them today*. It seems prob¬ 
able* that tin* marine ancestors ot the l nionid«e were themselves 
manganileroiis. I he tact that at least one marine lamelli- 
branch is known makes such an assumption the more plausible. 

To determine whether other marine lamellibranchs utilize 
manganese in this same way, an examination of the common 
forms along the coast of southern Massachusetts was made at 
the Woods Hole laboratory. In several forms the elements 
could iisiiullv Ik* detected .is a trace, but in such cases no import 
can be attached to its presence except as indicating that there 
is some marine low form of lile serving as tood for lamellibranchs, 
which also carries manganese. In Pcctcn the manganese was 
variable, sometimes large in amount, at others very small. It 
was frequently found abundant in the stomach contents. In 
Modi ola modiolus the element was present in every’ specimen 
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examined, and it seemed to be rather uniform in amount. It 
was present in every tissue, and in the nephridial organs it was 
really abundant. In most of the tissues it was not at all com¬ 
parable to the amount present in the l nioniday approximately 
o.i per cent, or less of the dry material. It will be remembered 
that the nephridial organs of Modiola modiolus are usually pig¬ 
mented a dark brown—in all of some fifty specimens examined 
by us this brown pigmentation was prominent. It is possible 
that this lamellibranch deposits manganese obtained with its 
food in the nephridia in an attempt to excrete the element; 
that it is in this case adventitious and analogous to deposits of 
iron-containing pigment in mammalian tissues as the result of 
pathological conditions. It is interesting to note however that 
this marine mussel which stands morphologically fairly close to 
the Unioniday should appear to utilize the element so charac¬ 
teristic of the latter family. 

It is our belief that other lamellibranchs will be found which, 
like Pinna squamosa, the Unionidte and perhaps Modiola modi¬ 
olus, utilize the element manganese in their metabolic processes. 
Such a chemical relationship may be useful in suggesting the 
lines of the evolutionary process which has led to the develop¬ 
ment of the present forms. It is our expectation to continue 
this line of investigation as opportunity permits. 


THE SPERMATOGENESIS OF EUCHROMA 
GI GANTEA. 


M. LOriSE NICHOLS. 

The largest of the Imprest id beetles, Euchroma gigantea, is 
native to Central and South America and is commonly found 
sunning itself on the trunks of trees. In such situations the 
beetles are not difficult to capture, as their movements are 
rather sluggish until they become thoroughly alarmed. The 
specimens from which the present study was made were taken 
at ( ulebra, Panama, in the month of August, at which time 
some of the Ixetles were mating, the male apparently attracting 
the female by a clicking sound produced by the elytra. 

Elton sectioning the testes, 1 was surprised to find a complete 
series of stages from the spermatogonia to the mature sperma¬ 
tozoa, the younger stages not being confined to the larvae or 
pupa*, as is frequently the case in insects. The testes were fixed 
in Gilson’s mercuro-acetic-nitric solution or in Fleming’s strong 
solution and stained with iron-lKcmutoxylin or with saffranin 
and malachite green. 

In the development of the germ t ells of insects, as is well known 
through the results of the researches of Montgomery, Wilson, 
Stevens and others, there are present chromosomes which have 
been called heterochromosomes or idiochroniosomes. Wilson 
( ipop) has show ii for the Ilemiptera that in certain forms the 
idiochroniosomes are equally will developed in both sexes, in 
others the male possesses one well developed, the other reduced 
in size, while in still others one is entirely lacking in the male. 
Stevens (tpob) found somewhat similar conditions in the Coleop- 
tera. Thus, the Elaterida* and Lampvrida* possess only the 
odd chromosomes, while the families Ghrysomelida*, Cocci- 
nelida*, Scarabida*. Silphida* and Buprestida* show one of the idio- 
chromosomcs reduced in size. In C'arabida* some members 
have an -unequal pair ol heterochromosomes, others an odd 
chromosome. Euchroma gigantea, as a member of the family 
Buprestida*, belongs in the second of these groups (Figs. 21-22). 
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Besides the idiochromosomes, Wilson discovered in the He- 
miptera a pair of chromosomes equal in size but noticeably 
smaller than the others, which he designated as m-chromosomes. 
According to the researches of Stevens these are occasionally 
present in the Coleoptera, i. e., in Trirhabda virgata and T. 
canadense and in an unidentified buprestid. They likewise are 
represented in Euchroma (Figs. 19, 23, 24). In addition there 
are, in the spermatocytes, eleven chromosomes of more nearly 
equal size, making the total reduced number thirteen. 

In most forms heretofore studied, the idiochromosomes are 
evident not only at the time of mitosis but also in the resting 
stage and prophases, for while the other chromosomes become 
resolved into the nuclear network, the idiochromosomes remain 
compact. It is in the manner of formation of the chromosomes 
during the prophases of the first maturation division and in the 
fact that neither at that time nor in the previous stages are the 
idiochromosomes distinctly different in behavior from the other 
chromosomes that the chief interest of the spermatogenesis of 
this beetle lies. 

The nuclear network of the last generation of spermatogonia 
is of delicate texture. Chromatin masses occur at intervals, 
at first few in number and without constancy of position or shape 
(Fig. 5). The masses gradually become more distinct and form 
elongated threads near the center of the nucleus (Figs. 6, 7). 
The network breaks away from the nuclear wall and the synapsis 
is inaugurated (Figs. 8, 9). During this time there is no evidence 
of the idiochromosomes being isolated from the synaptic threads 
or failing to take part in their formation, nor, in the resting 
spermatocyte, do the idiochromosomes differ from the others. 
Stevens (1906) has reported a somewhat similar condition in 
the beetle Tenebrio molitor. 

The nuclear network of the resting spermatocyte is more 
clearly defined than that of the spermatogonia and bears chro¬ 
matin masses distributed with a fair degree of regularity (Fig. 
10). This condition, however, does not continue. Instead of 
the usual spireme formation, the chromatin granules commence 
to migrate towards a specialized area within the nucleus (Figs. 

II — 14). The final result of this process is the formation of a 
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dense mass of chromatin in one part of the nucleus, the remainder 
of the nucleus being occupied by a fine network. It sometimes 
happens that more than one of these areas of aggregation de¬ 
velops (Figs. 15 tS). 

The outlines of the separate chromosomes may be seen, al¬ 
though they lie very dose together. The nuclear network 
next begins to show a parallel arrangement of threads prepara¬ 
tory to the formation of the spindle ( Figs. 17 iSb 

As is the case with other members of this order, the small 
heterochromosome is .separated from the larger by the first divi¬ 
sion (Fig. 21). In mitosis the w-chromosomes tend to divide 
somewhat later than the others Figs. 23 25). 

After the second division the spindle libers persist in the cyto¬ 
plasm. Thcv gradually eea^e to run parallel to each other, 
become more or less interlaced, and finally are arranged in 
spiral form i Figs. 20 j,s . Later they are converted into the 
tail of the spermatozoon Fig. >2 . 

r Fhe chromatin of the spermatid at first condenses in large 
measure at the side ol the nucleus nearest the spindle libers, 
but as the Litter lose their regularity of arrangement, the chro¬ 
matin is dispersed throughout the network (1 igs. 20 27). It 
next breaks into >mall fragments which migrate to the center 
of the nucleus, one mass, however, probably tin* heterochro- 
iuosonuo, remaining distimt born the rest (logs. 20 .>2). As 
the nucleus approaches maturity, it elongates and the chromatin 
becomes finely granular, although lragmeuts in chain lorm are 
still distinguishable (Fig. .Vi)- 

1 )ls* l ss|< >\ ( )!•' Rl.sl L t s. 

A number of workers (s^-e blackmail, 1003) have described 
“chromatin nucleoli.” They occur in a wide variety of plant 
and animal groups and usually during a jX'riod ol growth. In 
oogenesis and spermatogenesis they may be present in the 00- 
and spermatogonia as well as in the later stages. Among the 
groups in which they have been discovered are cchinoderms, 
molluscs, arthropods, amphibians and mammalians, also in 
protozoa and plants. It may prove instructive to compare 
some of the more striking ol these cases with that of Euchroma . 
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Sometimes the karyosphere is formed immediately after syn¬ 
apsis. Illustrations of this are furnished by the oogenesis of 
the dragonfly, Plathemis (McGill, 1906), and the pollen develop¬ 
ment of Sarracenia (Nichols, 1908). In this plant the karyo- 
some is formed from the synaptic threads through an absorp¬ 
tion of the chromatin substance by a nucleolus (Plate III., Fig. 
1). The achromatic substance (linin) remains as a dense mass 
after the chromatin has passed by drops into the closely con¬ 
tiguous nucleolus. There is, therefore, a rather conspicuous 
separation here of chromatin and linin. 1 

In Plathemis the synaptic threads gather closely around the 
nucleolus and form what Miss McGill calls a double nucleolus 
(oxyphil + basophil). There is plainly an interchange of material 
between the two parts of the nucleolus and, as the network 
again expands, masses of basophil substance are elaborated 
within the nucleolus and pass out on to the network. 

In Euchroma the transfer of chromatic material to the kary- 
osome is less direct, inasmuch as the synaptic threads are first 
extended into the network of the resting spermatocyte (Fig. 10; 
Plate 1 II, Fig. 4, a). The latter possesses no large nucleolus such 
as is present in the plant nucleus. Nevertheless a center of activ¬ 
ity arises, towards which the chromatin passes and simulta¬ 
neously also the linin, at first in the form of streamers radiating 
from the karyosphere (Figs. n-12). Later, as the chromosomes 
become distinct within the karyosphere, the linin is incorporated 
with them (Figs. 16-18). 

Blackman (1903) interprets the karyosphere of the spermato- 
cvtic prophase of myriapods as a mass of fine, granular filaments 
closely gathered about the accessory chromosome. As the 
nucleus approaches mitosis, the threads emerge from the karo- 
sphere, shorten and thicken to become the mitotic chromosomes 
(Plate III, Fig. 3, a and b ). There is here no separation of chro¬ 
matic from achromatic substance, only a strong attraction for both 
to a definite region of the nucleus. As compared with Euchroma 
this tendency manifests itself much earlier, for the karyosphere 
has already begun to resolve itself into definite chromosomes in 

•A closely similar behavior of chromatin has been described for Spirogyra by 
Berghs (1906). 
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Scolopendra at a period when in Euchroma it is condensing 
(Plate III., Figs. 3 and 4). In Scolopendra there is likewise a 
karvosphere present in the spermatogonia, whereas it is lacking 
in Euchroma. 

A somewhat different condition is described by Eisen (1900) 
for Batrachoseps. A karvosphere • chromoplast) is present in 
this object. At first it lies free in a vacuole, but later appears 
to attract “leaders" which might be compared to the radiating 
rays of Euchroma ( Figs. 11 12). 

Through these leaders small particles uf chromatin are pro¬ 
jected into the karvosphere and again emerge from it. File con¬ 
vergence of the leaders towards the karvosphere apparently 
corresponds to a sv napsis stage, and as they finally break apart 
each chromosomal thread receives a portion of the karvosphere 
which is gradually distributed through the length of the thread 1 
(Plate 111 ., I igs. 2, b and < ). 

The condition in et hinnderm eggs treated with Mg salts 
(Wilson, 1901) and in normal mouse eggs (Sobotta, i 8<>3) is 
in some degree similar to that of hmliroma , for although there 
is apparently no separation of linin and chromatin, the karyo- 
sphere breaks up directlv into the mitotic chromosomes (Plate 
III., Figs. 5, a and b ). 

What bearing have these facts on the question of the indi¬ 
viduality of the chromosomes/ In the paper on Sarraccnui 1 
suggested that the phenomena there “might be explained on 
the assumption that the morphological basis o! the chromosomes 
remains in the linin while that portion ol their substance which 
causes them to color deeplv is absorbed by the nucleolus. If 
a similar interpretation be applied to the case of Batrachoseps , 
it will be seen that the linin retains its individuality more clearly 
than the chromatin, which may be translerred to the karyo- 
sphere. In the mvriapods there is apparently no separation of 
chromatin and linin, but a tight coil ol threads, consisting of 

Janssens igo5)in his later work on batrachoseps. remarks: *‘il nous semblait 
(r£s probable que le* chromopkole- rrsullaient de la soudure tres intime des chro¬ 
mosomes aux telophases a la laveur de rapprochement." “II semble qu'une sub¬ 
stance intensemeiit siderophile, line sorte de nucleine, soit venue empater tout 
]<• pole de la figure centre a ce moment. 11 >e peut qu'il s’agisse la cl*un exsudat 
des chromosomes eux-memes." 
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both, forms the karyosphere. Possibly this might be regarded 
as a continuation and exaggeration of the synaptic condition, 
and, if this were true, a series of consecutive stages might be con¬ 
ceived between the typical synapsis and post-synapsis ot most 
animals and plants and the extreme conditions presented by 
Sar race nia. 

In the echinoderms, in Mas and in Euchroma a similar ten¬ 
dency to condense reappears and in the germ cells later than 
synapsis, owing, no doubt, to a chemical condition of the nu¬ 
cleus varying from the usual type. Here there is in one case 
( Euchroma ) a more rapid condensation of chromatin than of linin 
and a consequent partial separation, while in the other (Mus, 
echinoderms) no such separation is apparent, chromatin and linin 
condensing simultaneously (Plate IIP, Figs. 4 and 5). 

There is, however, little reason to believe that the difference 
in the method of formation of the spermatocytic chromosomes 
of Euchroma and most others insects is fundamental. The 
gradual change in coloration as resting chromatin becomes 
active goes to show that there is a chemical change in progress 
from less acid to more acid condition, accompanied by a conden¬ 
sation of substance. According to the differing constitution 
of different nuclei, this chemical activity might be confined to 
one center or distributed through the nucleus around several 
centers. If the latter were the case, the network of resting 
spermatocytes would break at various points and, condensing, 
form the chromosomes, but if there were but one center, the 
condensation would occur within a more circumscribed area. 
In Euchroma , while the latter method is more common, it may 
happen that the centers of condensation are multiplied (Fig. 15). 

An interesting question concerning the relation of the chemistry 
of the nucleus to the individuality of the chromosomes presents 
itself at this point. If it be true that the aggregation of chro¬ 
matin is accompanied by a decomposition ot nucleo-proteids 
and a reduction of chromatin to nucleic acid or a simple com¬ 
pound of that arid and also true that the chromatin may be 
separated from the linin and gathered into a karyosphere, may 
it not be possible that the linin network is not homogeneous as 
regards its chemical character, but that in different areas are 
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developed different proteid substances which, when combined 
w ith the nucleic acid of the karyosphere, become active and color¬ 
able by chromatin stains. It may be that usually in the devel¬ 
opment of the germ cells the nucleic acid becomes chemically 
dissociated, but not visibly separated from these proteid sub¬ 
stances, and consequently no karyosphere is present, simply 
chromosomes consisting of a condensed linin framework stir- 
rounded by nucleic acid. 
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Explanation of Plate I. 

The drawings were made with the camera lucida, Zeiss microscope, oc. 12, obj. 
oil immersion 1/12. They have been enlarged to twice the diameter and reduced 
one half. 

Figs, i 4. Spermatogonia. Prophases. 

Figs. 5-7. Last generation of spermatogonia. Prophases. 

Figs. 8-9. Synapsis. 

Fig. 10. Resting spermatocyte. 

Figs, ii iS. Spermatocytes. Prophases of the first maturation division. 
Figs. 19 20. Equatorial plates of the first maturation division. 13 chromo¬ 
somes. 

Figs. 21. The heterochromosome x. 
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Explanation of Plate II. 

Fig. 22. The heterochromosomc x. 

Fig. 23. Side view of the first maturation division. Metaphase. 

Fig. 24. Anaphase. Late division of the microchromosomes. 

Fig. 25. Telophase. Traces of the late division of the microchromosomes. 
Figs. 26-33. Spermatids. 
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Explanation of Plate III. 

Figs. 1-5. Diagrams showing the relation of the karyosphere to chromatin 
and linin. 
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OX THE NATURE OF THE CANALICULAR APPARATUS 
OF ANIMAL CELLS. 1 


R. R. BEN*LE\\ 

During the twelve year* that have elapsed since the discovery 
by C.ulgi of the internal reticular apparatus of the nerve cell, 
much attention has been devoted by investigators to the con¬ 
sideration of similar reticular structures in cells. ()ur knowledge 
has progressed along several different lines, which have been 
determined more or le^s bv the technique* employed by dif¬ 
ferent investigators, and although all are not agreed as to the 
identity of the structures m» revealed, their consideration to¬ 
gether seems to be justified bv tin* great similarity in configu¬ 
ration and location which these elements posses*. 

It is not neressan in this pajx r to review in exteiuo the liter¬ 
ature on this topic, for tint is well covered by the summary 
given by Holmgren (‘02) in Merkel imd Bonnet, Ergelmisse, 
etc., in which aLo the diHerein theories of the nature of these 
structures are Well brought out. lhe more recent contribu¬ 
tions are considered in the article of von Bergen (’04) and that 
of Legendre (\>S *o<p. It will suffice here to summarize the 
progress that has been made along the different lines of inves¬ 
tigation, and to coiisidir the interpretations of these structures 
which have been advanced by different workers. 

(iolgi (’<)S) first described the internal reticular apparatus 
in the cells of Purkinje of the cerebellar cortex, where he deni n- 
strated it by means of a modification ol his well-known chrome 
silver impregnation method, lie describes it as a closed net 
of fine fibers occupving the intermediate zone of the cell pro¬ 
toplasm and separated by a distinct interval from the nucleus 
on the one hand and from the surface of the cell on the other, 
that is to say, there was a zone of protoplasm on the periphery 
of the cell which was wholly free Irom the fibers constituting 
the network. Toward the nucleus the net sent out line fibers 
so that the perinuclear space was not wholly devoid of fibers. 

‘From the Hull Laborati ry of Anatomy, t'niversity of Chicago. 
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In his later studies Golgi confirmed this result for other types 
of nerve cells including spinal ganglion cells, spinal cord celb 
and cells of the cerebral cortex. In some of these cases he found 
the network provided with freely ending branches which ter¬ 
minated in a small swelling. In some cases, loo, the fibers of 
which the network was composed had varicose swellings on 
them, and nodal enlargements, and, in some cells, he even found 
two concentric nets which differed inter se by the amplitude of 
the meshes and the size of the fibers. Golgi in all of his papers 
expressed himself with great reserve as to the nature of the net¬ 
work, but was confident that they had nothing to do with the 
neurofibrils and that they were not canals which had been filled 
with the silver precipitate. He was moreover certain that they 
were entirely intracellular and that they had no communication 
with extracellular structures. 

In the meantime Golgi himself and his students had been ex¬ 
tending the field of investigation to other than nervous tissues, 
and it had developed from the.se investigations that the retic¬ 
ular apparatus was not confined by any means to nerve cells 
but was present in a large variety of cells from different sources. 
1 or example, Negri (’00) demonstrated an apparatus of this 
sort in the cells of the pancreas and of the parotid gland of the 
cat, and in the thyroid epithelium of the dog. In these cells 
the situation of the network was quite characteristic and recalled 
the observations of Golgi that in young nerve cells with excen- 
tric nucleus the reticular apparatus was also cxccntric and lo¬ 
cated for the most part at one pole of the nucleus. In the epi¬ 
thelial cells, namely, it was found that the reticular apparatus 
was located near the nucleus, but between the latter and the 
free border on the lumen or surface, that is, it was distal to the 
blood vessels. Later, similar nets were found in the cells of the 
epididymus by Negri, in cartilage cells by Pensa (’01), and in 
striated muscle fibers by Veratti P02). 

r fhe observations of Golgi were confirmed by a number of ob¬ 
servers, using this method or one of the silver reduction methods 
of Cajal. Retxius, for example, obtained good impregnations 
of the apparatus in the nerve cells of the cat and rabbit, which 
corresponded in their salient characters with those of Golgi but 
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were not nearly so complete judging by the figures published. 
In view of this it is surprising to note that Retzius (’oo) found, 
in some of the cells, the fibers of the network communicating 
by a branch with the surface of the cell, which Golgi had never 
observed in his more perfect preparations. 

In a recent publication Golgi has adopted a new method for 
the demonstration of the reticulum which is based on the silver 
reduction method of C'ajal. In view of this fact it is proper to 
mention here that Gajal ( 07) has also studied the reticular ap¬ 
paratus in the nerve cell, which lie accepts, contrary to Golgi, 
as a tubular apparatus to which he applies the name “Conduits 
de Golgi-l lolmgren,” thus accepting the interpretation of Holm¬ 
gren that they are the same as the so-called juice canals described 
by him. He regards tin; ap|K*araiues seen in his preparations 
as due to the presence of canals tilled with a coagulable substance 
which has an affinity for colloidal silver, lie also notes differ¬ 
ences in the behavior of the apparatus in different animals, from 
which lie-concludes th.it the contents ot the canals indifferent 
('ells may have dillereiit chemical proj>erties. 

By the same methods as those employed by C'ajal, Sanchez 
demonstrated an exceedingly interesting system in the striated 
muscle libers of mammals and inserts. In the former this sys¬ 
tem did not communicate with structures outside of the cell 
but s<*nt free ending branches which terminated just under the 
sarrolcmma. In the insects, however, he made the surprising 
observation that the intercellular network was in continuity 
with the tracheal system. 

d'he second line of progress in the study of the reticular ap¬ 
paratus began with the discovery by Kopsch that it could be 
stained by prolonged immersion ol the tissues in a two per cent, 
solution of osiuie acid. In a short paper (Kopsch, ’o2) he de¬ 
scribed his method and contributed the results of his application 
of it. The results obtained corresponded very closely' to those 
of Golgi but were obtained with greater certainty. Like Golgi 
he was unable to find any communications between the apparatus 
and the surface of the cell, although in addition to the osmic 
acid method he employ ed the resorcin-fuehsin method of Holm¬ 
gren, to which retire ice will be made later. 
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The method of Kopsch has been exploited in particular by 
Misch (’03), and von Bergen (’04). The former found that the 
apparatus was not present in all cells and that in some cells it 
presented itself in the form of fragments, or of rows of granules. 
He found, moreover, in agreement with Golgi and Kopsch that 
the network never communicated with the surface of the cell, 
nor did it penetrate the nucleus. Von Bergen’s studies extended 
to a very large category of cells ranging from wander cells to 
nerve cells. To show how general these structures are in animal 
cells a list of the elements in which von Bergen obtained positive 
results would have considerable interest. In addition to nerve 
cells he found a reticular apparatus in the following elements: 
prostate epithelium, pancreas cells, demilunes and mucous cells 
of the submaxillary gland of the cat, glandular epithelium from 
the trachea, chief cells of the fundus glands of the stomach, 
ciliated epithelium of the trachea, epithelium of the sweat glands, 
wander cells and many leucocytes, fixed connective tissue cells, 
cartilage cells, endothelium, smooth muscle, interstitial cells of 
the testis. The wide range of these observations taken in con¬ 
nection with the observations of Golgi and Cajal and their pupils 
indicate that the reticular apparatus is by no means a structure 
confined to a single cell category but is a cell organ of almost if 
not quite universal occurrence in the.protoplasm of animal cells. 

Before passing to a review of the investigations that have 
been made from the standpoint of the canalicular apparatus of 
Holmgren and others it may be of interest to refer briefly to the 
studies of Golgi on the development of the reticular apparatus. 
In the nerve cells of the foetal calves of two or three months, he 
found the apparatus greatly reduced, often consisting of but a 
single fiber, with short branches running in various directions. In 
these cells the apparatus has a distinctly cxcentric position at 
one pole of the nucleus. In the new-born animal the net often 
extended around the nucleus, but left the perinuclear zone as 
well as the peripheral protoplasmic zone entirely free of such 
fibers. In old animals the apparatus was sometimes broken 
up into peculiar island-like fragments which however were con¬ 
nected with one another by single fibers. These observations 
suggest strongly that the apparatus constitutes a unit in its ori¬ 
gin and developmental history. 
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The history of the intracellular canalicular apparatus, con¬ 
sidered apart from ihe positive impregnations of Golgi and his 
followers, begins with the discovery by Holmgren (’99) of endo- 
cellular nets of juice-canals in nerve cells which he said was 
exhibited particularly well in preparations made from rabbit 
tissues. Almost at tin* Mine time Nelis ( 99) described, in nerve 
cells hxed in sublimate or osmic acid and stained in iron-hrema- 
toxvlin, etc., peculiar coil-like hand" to which he gave the name 
“etat spiremuleux,” the nature of which, however, remained 
to him full}* obscure. 

In a second public. 11i«*n Holmgren, ’99, 2) Holmgren describee! 
in greater detail the canalicular apparatus in the spinal ganglion 
cells of the rabbit, fixed in picric acid-sublimate and stained with 
toluidene blue and erv thrown. He found in these cells moder¬ 
ated \ line canals of fairl\ 1111 if< rm calilier which, anastomosing 
freely, formed a fairlv deiw network, The latter extended in 
general around the nuele Us but otic n was found at one pole of the 
nucleus, more* rareh at both poles. Here and there he found 
t hese canals communicating with \ * ri< ellular canals, and at these 
points he* was able to make out a distinct wall staining with 
enthrusin. He* <\picsM.d the opinion that the canals were of 
lymphatic nature without however stating whether they were of 
extracellular or intracellular origin. 

In 1S00 Studnicka *il» described the canals in the pro¬ 

toplasm of the* large* ganglion c ells of the trigeminus of Pvtromyzon 
and also in the spinal ganglion cells, in the nerve cells of the 
medulla oblongata and tlu- cells of Rcissuer of the same animal. 
He explained the origin of the* canals as due to the union ot a 
row of vacuoles, and said that while many of the canals had 
smooth contours, vet in others might easily be seen the constit- 
ueiu vacuoks from which they had arisen. In a foot-note he 
remarked that he had not found in his objects the connection 
with extracellular structures described by Holmgren, although 
he admitted that the canals opened on the surface into the peri¬ 
cellular space. 

In a series of papers dating from 1^99 Holmgren has described 
the results of his investigations on this topic, covering a wide 
range of material including not only nerve cells, but cells from 
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various cpithclia and from other sources. The existence of the 
canals has also been confirmed by a large number of observers 
including Roister (To), Fragnito (To), Lugaro (To), 1 )onaggio 
(—), Pugnat (Ti), Sjovall (Ti), Smirnow (Ti), von Bergen (T4) 
and others. 

For comparison with the results of the Golgi and Kopsch 
techniques an enumeration of the different types of cells in which 
a canalicular apparatus has been found may be of interest. 
Holmgren demonstrated the canals in the following cells: gland 
cells of the pancreas and parotid, intestinal and gastric epithe¬ 
lium, epithelium of the epididymus, biliary duct epithelium, 
uterine epithelium, thyroid epithelium, liver cells, epithelium 
of the suprarenal gland. Retzius (Ti) described similar canals 
in the giant cells of the bone-marrow, which, like Holmgren, he 
considered to be in direct connection with pericellular spaces. 

It is to be noted that many of the objects studied by Holm¬ 
gren coincide with those studied by Golgi and his pupils, and 
with those investigated by von Bergen, and that where this is the 
case, the canalicular structures described by Holmgren correspond 
closely in their location and in their configuration with those 
demonstrated by the other methods. Whatever conclusion we 
may reach with regard to the relation between the canalicular 
apparatus of Holmgren and the reticular apparatus in nerve 
cells, few who have studied the actual preparations made ac¬ 
cording to these different techniques in respect to epithelial 
cells and cartilage cells will deny their substantial identity. It 
is true that there are differences in the appearances obtained, 
but, in the opinion of many, these are sufficiently accounted for 
by the differences in the thickness of the sections studied in the 
different methods, and so, in the completeness ot the apparatus 
which is brought to expression in a single preparation. 

In his later papers dealing with these structures Holmgren 
has abandoned his original opinion that the canals are lymphatic 
in nature and constructed an entirely new hypothesis as to their 
nature. Ibis hypothesis is based on the confirmation by him 
of the interesting observations of Nansen (’86) and Rhode (91, 
’93, ’95), that the nerve cells of certain Crustacea (Nansen, ’86), 
and those of certain Gastropoda and llirudinoa (Rhode, loc. 
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cit.) were penetrated by a network derived from surrounding 
capsular cells. Holmgren found the nerve cells of Helix pomatia 
particularly suitable for the demonstration of these intracellular 
nets of capsular origin. He found here that the nerve cells 
were provided with a ric her or poorer network of juice-canals, 
which were formed in the interior of a network of proresses 
derived from other cells. He even found nucleated strands 
within the bodies of the nerve cell. In later publications (Holm¬ 
gren, *oi, *02, etc.) 1 he has developed this hypothesis on the basis 
of results obtained by the employment of a new method. He 
fixed his material in trichloracetic acid, or trichlorlactic acid, 
and stained it with a freshly prepared solution of Weigert’s 
resorein-fuchsin. By this method the protoplasm of the nerve 
cells stained fainth but that of the inlracapsular cells stained 
dark violet, as did also the processes nt the latter. By this 
means he was able to see processes of the darkly stained intra- 
eapsular cells which penetrated the ner\e cells, branched within 
them, and anastomosed with one another, in order to produce 
an intracellular network, lie applied this obsenation also to 
tin* ner\e cells of \ertebrales, and came to the conclusion that 
the latter were penetrated b\ processes oi other cells which 
branched and anastomosed fred> , to form in the interior of the 
ner\c cells a "spongioplusma" whit'll, howe\cr, in no wise be¬ 
longed to the ner\e cell, but was of extraneous origin. In the 
interior of these nets juice canals could arise, which communi¬ 
cated directly with similar spuce> in the interior ol the matrix- 
cells of this net. To this net of extraneous origin Holmgren 
gave the name “truphospongium.” He regarded therefore the 
trophospongia not as fixed structures, but as undergoing a con¬ 
stant change, which depended upon the physico-chemical proc¬ 
esses in the cell, and thought that, while at one moment the net¬ 
work of cell processes might sacrifice itself by liquefaction to 
the needs of the nerve cell, it might later be regenerated, by 
new* growth of the process from without, lie thus abandoned 
completely his former view that the canals represented circu¬ 
latory or lymphatic structures, or a drainage system, in favor 

'For complete references see Holmgren, E., “None Beitriige zur Morphologic 
clcr Zelle,” in “Merkel-Bonnet ErgebnUsc,” Vol. 11. p. 275. 
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of the view that they represented the transitory phases of the 
reciprocal nutritive inter-relations of the capsular and nerve cells. 

The object of the foregoing brief and incomplete resume of 
the literature, has been to show that from three different lines 
of investigation we have evidence of tlie wide occurrence in 
animal cells, ranging in diversity from leucocytes to nerve cells 
and muscle cells, of a reticular apparatus, which exhibits itself 
in the form of a network of canals with colorless contents, or 
of a stained network according to the technique employed. The 
uniformity with which this apparatus has been discovered in 
those types of cells in which it has been sought justifies the expec¬ 
tation that similar methods will reveal similar structures in 
cells which have thus far not been investigated with this point 
in view. We are thus dealing with a cell organ of almost if not 
quite universal distribution in animal cells. 

The question now arises—What is the significance of this 
structure? 

The trophospongium theory of Holmgren, as far as I am aware, 
has found no support. Even if it were admitted for the nerve 
cells there are many categories of cells in which a reticular ap¬ 
paratus, or a canalicular apparatus is to be found, to which the 
theory is wholly inapplicable. For example, it is difficult to con¬ 
ceive how the reticular canalicular apparatus of the cartilage cells 
and of leucocytes, could be derived from the liquefaction of pene¬ 
trating processes of other cells. Holmgren, it is true, has made an 
attempt to adapt his hypothesis to the canalicu ar apparatus of 
epithelial cells, and has described in the pancreas of the sala¬ 
mander the continuity of the intracellular network with intra¬ 
cellular strands which go to the periglandular connective tissue 
cells or to the centro-acinous cells. However, all of Holmgren’s 
figures of preparations made by the trichloracetic acid, resorcin- 
fuchsin method are explainable on the basis of the canals having 
a precipitable content which when precipitated by the fixative, 
has an elective affinity for the dye. it is not by any means 
certain that the figures which Holmgren has given us of intra¬ 
cellular nets stained by fuchsin, in continuity with processes of 
capsular cells, do not really represent two different structures 
brought into apparent relation with one another by a common 
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affinity for the dye. It is certain, moreover, that the networks 
apparently composed of solid fibers demonstrated in the pancreas 
epithelium by the resorcin-fuchsin method, are not solid, for, 
in preparations made by this method, every cell in the section 
will show such a deeply stained network while sections of the 
same pancreas fixed in Kopsch’s formol-bichromate solution 
and stained with iron-hiematoxylin, will show in every cell a 
system of canaU with mist lined contents. 

Accordingly, we must either reject Holmgren’s hypothesis 
or assume that there are two sorts of these nets, those of cartilage 
cells and epithelial cells and leucocytes being different from those 
of nerve cells. 

d'he statement of Legendre os ’op that these structures are 
either wholly absent or are the result of pathological changes 
is not to be seriously considered, in \ iew of the fact that this 
author in attempting to explain the positive observations in 
this regard of so main experienced investigators, is compelled 
to resort to the wholly unwarranted assumption that their re¬ 
sults have been due to the selection of unhealthy animals, or 
to the fixation of tissues after several days of inanition, or several 
hours after death. 

Many obserxers. including Ret/iits (\k>>, are inclined to 
believe that they represent an intracellular s\stem of nutritive or 
drainage canals Inning direct relations with the lymphatic 
system. The extracellular communications are, however, denied 
by (iolgi and his pupils, who have never seen them in their 
preparations made by the chrome-silver impregnation methods, 
nor by the silxer reduction method. They are equally denied 
by von Bergen, w ho, how ever, admits the existence of canals in 
no wise connected with these, which he regards as artefacts, 
which do open on the surface of the cell. 

Von Bergen (’04) who studied these structures by all three 
methods but, in particular, by the osinic acid method of Kopsch, 
agrees with V.olgi that the structures are for the most part 
networks of fibers composed of a substance which reduces osmic 
acid, but explains the discontinuous elements found by him in 
many cells studied, by the assumption that they represent dif- 
lerent stages in the formation or destruction of the apparatus 
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which thus would have a variable structure from moment to 
moment in the cell. He claims that the reticular apparatus 
arises by the appearance in the cell protoplasm of granules or 
droplets which arrange themselves in net-like or tortuous rows 
which fuse to form more continuous fibers, and further, that the 
network so formed can undergo vital changes, by virtue of which 
it loses its stainability and becomes dissolved, the canals so 
formed finally disappearing by absorption of their contents. 

In view of the almost universal occurrence of these structures 
in all of the tissue cells of mammals, and in many of those of 
lower vertebrates and invertebrates, it seemed probable that 
they would not be wholly absent from the cells of the other great 
division of living organisms, namely from the cells of plants. 
Accordingly, I have studied with this end in view the structure 
of certain plant cells, using for this purpose in addition to the 
conventional methods of plant histology, those methods which 
in my experience were best for demonstration of the canalicular 
system in animal cells. It seemed probable, in view of the con¬ 
ditions found in the animal cell, that, if a homologue of the canal 
network of the animal cell were to be found in plant cells, it 
would be studied with greatest ease in those plant cells in which 
the vacuolar system had not yet reached its full development, 
namely in meristem tissues, sporogenous tissues and their prod¬ 
ucts, cambium and embryonic tissues. The three last, however, 
did not lend themselves readily to this investigation because 
of the difficulty introduced by the slow penetration of the fixing 
agents, so that 1 have been obliged for the present to content 
myself with the results obtained in the root-tips of Allium, 
Liliiim and Iris , and in the tapetum of the lily. Whether the 
consistent results obtained from the study of these cells are 
generally applicable or not to plant cells, future investigation 
will show. In the meantime, because of the fact that the results 
are at variance with the accepted views of the structure of the 
cells in question, because they furnish a new interpretation of 
the history of the vacuole of these cells and in particular because 
they seem to throw an interesting light on the question of the 
nature of the canalicular apparatus of animal cells, it seems wise 
to put these preliminary observations on record. 
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The descriptions which follow have been drawn largely from 
the finely of preparations of the root-tip of the onion, but the 
observations made on the root> of the other genera mentioned 
are in full accord with them. 

In his study of the \acuolar >y>tcm of the cells of plants, 
Went (*<SS) describes the voting cells of the onion root-tip as 
follows: “In the youngest cells of roots two or three millimeters 
in diameter I saw a great number of very small vacuoles: the 
largest had a diameter of four mikra, the smallest of one mikron.” 
For these small vacuoles he claims reproduction by division, in 
the sense of the tonoplast theory of lVVries (*85). He also 
derives the vacuole* of the older cell from these multiple vacuoles, 
by a process of coalescence. 

I11 preparation*, made after fixation in Flemming's strong lltiid, 
Hermann's lltiid, Zenker’s fluid, (arnoy’s lltiid. etc., and stained 
in iron lnrmatoxx lin, or in the three-color process of Flemming, 
results exactly < orresponding to these were obtained, that is to 
say, the voting cells Contained a multitude of small vacuoles 
which by their coalescence seemed to form the large central vac¬ 
uole of the older cell. 

On the other hand, preparations made by methods which I 
had found to be most effective for the demonstration ot the canal¬ 
icular apparatus in animal cells, ga\e results which were wholly 
different. In these tlure was no traee in the youngest cells of 
tin* root tip of the multiple 

vacuoles described 1>\ Went and - 

■ 

others, but instead, each cell 



possessed an intricate network 
of canals the component ele¬ 
ments oi which in the youngest 
cells were often of extreme fine- 


Fii. 1. (VII of miter layer ol the 


ness. 1 he>e ( minis wcie brst rool t jp «*1 onirn, showing fine canal* 
seen in the dermatogcii cells oil in the c> mphi-m. X Sou. 
the surface of the root but were 

recognizable as such, though less well preserved, in the cells of the 
plerome. Fig. 1 shows a cell in which this sy stem is composed 
of extremely line canals. In this figure it will be seen that the 
canalicular system tends in these cells as in the animal cells to 
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leave a peripheral zone of cytoplasm wholly free from the canals 
w hich constitute it. In Fig. 2 are shown four of the large wedge- 
shaped cells from the region of most active division of the der- 
matogen, in which the type of the canalicular system is well 
brought out. Here it will be seen that in these plant cells, as 
in the animal cells, the network tends to be concentrated on one 
side of the nucleus, and, as in the epithelial cells, this point of 
concentration is not one of the division poles of the nucleus but 



Fig. 2. Four cells of outer layer of root tip of onion, showing more advanced 
condition of the cytoplasmic canals. X 800. 

corresponds to one side of the equator of the future spindle. 
The system constitutes a closed system of canals, lying in very 
close relation to the nucleus, never, however, invading, in dividing 
cells, the spindle territory. From this network run out branches 
which end freely often near the cell wall in a small expansion. 
J\1 any of the canals in some preparations, and this is particularly 
true of the smallest canals, such as those shown in Fig. 1, show 
moniliform enlargements, as if they were on the point of breaking 
up into a row of vacuoles, or possibly, as if they had just been 
formed by the coalescence of a row of vacuoles. Again fre¬ 
quently, the canals show a spiral or tortuous course, as if they 
were fixed while in a condition of internal tension, which re¬ 
sembles very closely the spiral or tortuous condition found in many 
nerve cells (etat spiremateux of Xelis). 

Tracing this system in the older and older cells of the root tip 
it is found that as the cell retreats from the growing point, the 
canals become progressively larger and larger. In the inter¬ 
mediate stages of this process the condition depicted in Fig. 3 
is obtained. Here there is still a continuous system of canals 
but they are fewer in number and broader than in the younger 
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cells, ritimatelv by a continuation of this process we have 
the familiar picture of the plant cell with a large central vacuole 
across which run strands of protoplasm which are the last at¬ 
tenuated remains of the protoplasmic partitions between the 
canals. 

A similar mechanism is revealed by the same technique in 
the tapetal cells of Lilium candidum. In preparations made 
after fixation in Flemming's fluid, the protoplasmic tip of^the 
(a*ll presents a foam-structure owing to the presence in it of a 



1* n. t I i \ tt nils « | < < ii 1 r \v l i - i op < I m n -!i< \\ <lw <’\pau<li*<l 

hrnmiitnK i«* L rui lh< ar^« i*n(rul s a- i* 

large number of fine vacuoles. In preparations, however, which 
have been made* bv the technique referred to above, it is seen 
that instead <>I a multitude of minute vacuoles nr alveola*, there 
is a s\stem o| exiredinglv line can.ds forming a network which 
opens at intervals into the* large \ actinic w hich on upies the bast* 
of the* cell. 

Apart from the elements which constitute tlu* tubes or vac¬ 
uoles according to the method nl preparation, the cytoplasm of 
these ('ells shows no indication whatever of an alveolar struc¬ 
ture under the nmroscojK*. It is composed of an optically 
homogeneous ground substance in which are imbedded the mito¬ 
chondria and other granular elements, for example plastids, 
which mav be present. 

The two different techniques, therefore, give tis two entirely 
different conceptions of the history of the vacuole. According 
to the first the vacuole arises from the coalescence of preexisting 
innumerable small vacuoles. According to the new methods, 
the vacuole in these cells constitutes a unit element from the 
very beginning, being represented in the younger cells by a single 
system of anastomosing canals. 
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The decision as to which of these views expresses the condition 
in the living cell must of necessity rest on the examination of 
living cells. Before taking up this question, however, we may 
discuss the significance of these observations in the interpretation 
of the canalicular apparatus of the animal cell for this inter¬ 
pretation does not of necessity' imply' the assumption that the 
canalicular structure so demonstrated in the plant cell has a 
real preexistence in that form in the living cell. We may', on 
the contrary', treat the technique as an experimental method 
and discuss the results comparatively' on this basis. 

For the demonstration of the vacuolar sy'stem of plant cells 
as a network of canals 1 have found the following fixing fluids 
best adapted: 


1. Formaline, Bichromate, Sublimate. 


Neutral formaline (freshly distilled) . 10 e.c. 

Water. 90 e.e. 

Potassium bichromate. 2.5 gr. 

Mercuric chloride. 5 gr. 

2. Kopscii’s Fluid. 

Potassium bichromate 2.5 per cent, in water . 75 e.c. 

Neutral formaline. 25 c.e. 


With these fluids, as indicated above, the cells of the root tip 
show a network of canals, whereas the same tissues fixed in 
Flemming’s solution show, instead of canals, multiple small 
vacuoles. The same statement holds good for animal cells 
similarly treated. For example, the epithelial cells of the in¬ 
testinal glands fixed in the formaline-bichromate-sublimate 
mixture, or in Kopsch’s fluid, show a beautiful canalicular 
sy’stem, while the same cells fixed in Flemming’s fluid show at 
the site of the canals merely' a large number of exceedingly' fine 
vacuoles. Thus whether we accept the multiply vacuolated 
condition, or the canalicular condition, as the preexisting one 
in the living cell, the analogy' between these structures in the 
animal and vegetable cell holds. 

On the basis of the similarity in constitution of the canalicular 
apparatus of the plant cell to that of the animal cell, and of the 
similarity in behavior of this sy’stem when treated by’ the same 
methods and an account of the part these canals in the plant cell 
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lake* in the hi>t< >r\ of the vacuole of the latter. I think we are justi¬ 
fied in stating f<*r the present, to be sure. only as a working hy¬ 
pothesis, that the network of canals found in mi many animal 
celU is the physiologic and morphologic equivalent of the vacu¬ 
olar sWem < f the plant cell. 

We may now re turn to tin consideration of the question 
whether the canalicular -\-l< in represents the true structure of 
the va< uolar mechanism ot y < >un s pi nt cc 1U or not. Y his question 
(an. of course, lie answc red only 1 »\ ohs t r\ at ions oi the li\ ing tells 
theinseKeh, and the in\estimation of 1 lu^e is 1 K set by extraordi¬ 
nary ditto 111 ties in tin* Cum ot the plant (ell due in particular to the 
impossibility ( ,j finding a solution in whith to examine the cells, 
w hidi is not it sell injurious. In theetlort to find a suitable tluid 
for this purpose* I iritd -ulminiiv. <i| jH»tas-iuni nitrate, o! sodium 
chloride, and ot cane sugar ot diin rent (onct nt rations, but toiiiul 
in all that the stir fat e layers of a I Is showe d rapid < lninv.es of t lie 
structure of tin protoplasm whirh made it ditln till to study tin 
presumably uninjured d< 1 jk r l.i\ers ot the s r( lime. 1 was finally 
obliged to resort to tin t \j » di< nt of using as a mounting medium 
the freshly expressed iiti< t ot similar icmr s, although (\ui in this 
tin < ells ol tin surface* lay c rsut trn diaud xi tioits underwent more 
slow ly the same ( haugt. lu tin s r Mirlat c . Jay 1 rs s () mounted the 
a lls sin»wed the multiple \ ac m»lar uunliti<>n desi riI>ed by \\ ent. 
In the deeper lay ers, on thee ontrary , in s, t lions ot the onion root 
tip, one could *ee, with diltn itlt\ toll sure, but still unmistakably 
the canal sy stem repre sen ted in 1 igs. 1. j and As these alls an 
watched, howe\cr, the* tanaU an s t ( n to break up slowly* into 
rounded \actioles tints bringing about the condition generally 
recogni/ed in tln-M a*lls. I regard, the relore, the* canalicular sy s- 
tem as the l rue* re ne lit ion intra \ ilatn of the \ actn >lar apparatus in 
these cells of the root tip, and belie\e that tlie* multiply vacuolated 
condition is of s t < ondary origin due in most cases to injury of 
the cell. 

Rl ILR! NCR’s. 

|“nr .1 compi* it- lin <* 1 lu* pulluae n-> dealing with ihi- topic the 1 caller is 
rrterred to tin* loll'iuinV* 

Holmgren, E. 

’02 NVuc* Bi'itiani* /ur Morph to -it r X«1I Mirkct and Bonnet. Eri;ibni^c 
<let Anatomic, ck., \\ u- i . lo'* 1 . V !. Xt . pp. 2 7 ; 
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A STUDY OF CHROMOSOMES OF TOXOPXEUSTES 
VARIEGATES WHICH SHOW INDIVIDUAL 
FECI L 1 ARITIES OF FORM. 


BARBARA 11 EFTNER. 

I \TR(il)l < IH)N. 

The observations described in this paper were made during 
the winter and spring. 1900 10. in the Biological Laboratory 
of Bryn Mawr College. 1 Last November alter my arrival in 
Bryn Mawr Professor Tennent suggested to me a study of the 
chromoson.es in eggs o| certain erhinoderms with special ref- 
ence to eh. a rat teristic pet uliarities of form, a question especial!) 
significant sine- the appeuraiuc of Balt/er's 'oqa pajKT on the 
clirotnosunies ol .S tron^yloccntrotus liiidus and Juh in ns micro- 
tiibercuhitus whith has thrown new light on tie individuality 
of chromosomes in echinoids. Previous to this author‘s first 
publication on the subject ‘o.s) there existed only .1 suggestion 
by Boveri Coi and '07) that in sonic echinoids there occur chro¬ 
mosomes of a charat teristic shajH*. Balt/er pointed out that 
in Ethiuits wit rotuhcri hiatus there arc two \er\ long rod-shaped 
chromosomes, two long hook-shaped ones, and two or three 
horseshoe-sha|>ed chromosomes, while in Stron^ylot entrotus livid us 
there are two long rod-shaped chromosomes, two long hook¬ 
shaped ones and in a part of the eggs one smaller hook-shaped 
chromosome. As this latter one occurs only in a part ol the 
eggs in about one half of them Balt/er suggests Coy*/, p. 596) 
th.it it is probably an idiochromosnme whose smaller mate is 
one of the* shorter rod-shaped chromosomes. The same sug¬ 
gestion is made in regard to one of the horseshoe-shaped chro¬ 
mosomes in Echinus, in cases where there are three of that type. 
While idiochromosomes and other heterochromosomes have for 
some time been known in insects, arachnids and myriapods, 

1 1 take advantage ol thi* nppoitunity to expires my sincere thanks lor the gen¬ 
erous scholarship awarded to me by Bryn Mawr College and lor encouraging sug¬ 
gestions front Professor Tennent and Or. Stevens during the course of my work 
in their laboratory. 
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they have only (juile recently been discovered by Gulick in the 
nematode Ileterakis (Boveri, 10), by Baltzer in the echinoids, 
and by Guyer (’09a and b) in vertebrates. 

Observations on metakinesis stages (Baltzer ’09a, Plate 
XXXVII., Pig. 9) have shown that the hook-shape of certain 
chromosomes in Strongylocentrotus is due to the fact that the 
spindle fiber from each pole is attached at a point about one 
third of the length of the chromosome from one end, so that a 
shorter and a longer arm arc formed. I11 the horseshoe-shaped 
chromosomes in Echinus the fiber is attached about half way 
between the two ends, so that the two arms are nearly of the 
same length {ibid.. Fig. 10). As for the origin of the hook¬ 
shaped and horseshoe-shaped heterochromosomes, observations 

r . . Strongylocentrotus c 7 . 

on cross-fertilized eggs, Echinus 1 anc * ° n mu ' tl P°' ar 

mitoses of Strongylocentrotus have shown that they come from 
the female pronucleus, the corresponding pair in the male being 
rod-shaped. Apparently the female has an unequal pair of 
heterochromosomes, one hook- or horseshoe-shaped, the other 
rod-shaped; while the male has a corresponding equal pair of 
rod-shaped chromosomes. It may be mentioned that this is the 
reverse of what is found in insects, but as in most insects the 
female nucleus must obtain more chromatin than the male 
n ucletis. 

Material and Methods. 

My observations were made upon eggs of Toxopneustes and 
Arbacia, collected and preserved by Professor Tennent. As 
preserving fluid either picro-acctic or sublimate-acetic was used. 
Sections of 5 /x thickness were stained with I Icidenhain’s iron 
luematoxylin, except in a few cases mentioned later. 

The figures are all drawn with Abbe’s drawing camera, Zeiss 
oil immersion 2 mm. apochr. objective, oc. 12, enlarged to twice 
or four timei the original diameter and reduced one halt. 

Arbacia FUN CTULATA. 

The eggs of this species are quite unfavorable for detailed 
cytological studies. Not only are the chromosomes very small 
but the cytoplasm of the egg is filled with pigment granules so 
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that a sharp differentiation of plasma and chromosomes is im¬ 
possible. Following Dr. Stevens's suggestion, I tried to bleach 
the section with IT<b, a method successfully applied in some 
other cases, but entire!} useless in Arbacia. I therefore gave 
up further study of the chromosome- of thi^ species. 

ToXURNEL s'll-s VARIht.ATGs. 

The observations were made on two series of eggs from two 
dilferent localities, one from Bcaulort, \. C., the other from the 
Tortugas. \ lie results obtained are the same tor both. 1 began 
with the stud\ of the chromosome-* in the tir>t segmentation 
spindle and found in ToxopnvusUs as Balt/er (Ope) had done 
in StromiyUu nitrotus and luhitms a considerable variation in 
the length and form of the chromosomes 

As in Juhinus and Stronoyhu nitrotus there are two extremeh 
long chromosomes in cadi daughter plate. 1 heir behavior re¬ 
sembles that described bv Balt/er in that these long rod-shaped 
chromosomes are often late in splitting and moving to the poles 
(compare I'eM-tig. a, with Ball/* r*s ’ope/, Bl. XXXYI 1 ., Fig. 

$,(lAlu\b) \ llese chromosomes mav also be seen ill ill}' Figs, t, 
2 and 3. Sometimes these long chromosomes are contracted 
more and then appear thicker and shorter Fig. 1, a, the left pair 
of long rex I-shaped chromosomes . 

A tvpe of chromosome ol peculiar shape, found in all of the 
eggs, is one which is iisu.ill} V-shaped, but sometimes more 
horseshoe-shaped t l igs. 4 and 5 • Ver} frecjuentl} in Lite* ana- 
phase-* the two amis arc* parallel or nearly so, and one may 
partly overlie the other, but the re is hardly ever any doubt as 
to whether there is one chromosome with two arm* present or 
two separate rod-shaped ones (Fig. a and b). As may be 
observed from Fig. 4 the length < 1 the two arms in these chro¬ 
mosomes nui} van slightly when the am** are King in one 
optical plane. 1 tried to determine whether this difference is 
confined only to certain chromosomes or to chromosomes in cer¬ 
tain eggs but no regularity seems to exist. The probable origin 
of the difference in length will be discussed later. 

These Y-shaped chroinoson es occur in all fertilized Toxop- 
ncustvs eggs and there are either two or three present. Among 54 
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one-ccll stages examined with reference to this point, I found in 16 
cases two, and in 18 three such chromosomes. Fig. 1, u, illus¬ 
trates a case with two V-shaped chromosomes in each daughter 
plate. Their antagonistic position proves that they are division 



products of the same chromosome, their regular number, that 
they are not merely incidental features. The other chromo¬ 
somes are very crowded, as most of them occur in one section. 
Their position has been slightly changed in cases where they were 
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over or under the Y-shaped chromosomes, and this holds for 
all similar figure-. Special care was of course taken 10 keep the 
position of the long rod-shaped and the Y-shaped chromosomes 
in every ca-e as accurately as po-siblc. 

Fig. 2, b, shows daughter plate- of a late anaphase where there 
are three Y-shaped chromosome- with more nearly parallel arms. 
Two of thc-e chromosomes are \ery close together, one partly 
overlying another in each plate, f ig. 3 also shows in a and b 
three Y-shaped chromosomes in early aitapha-e. 1 )ne pair of 
these chromo-omes ap|>oars -mailer than the two others, but 
in examining other ca-es I found no rcgularitv in the apparent 
si/e of the three pairs. Sometimes .ill three pair- vary a little, 
sometimes they are all of apparent!) the -ante -i/e, sometimes 
onl\ the members of one pair varv in apparent -i/e. \ his dit- 
ference ma\ be due to ditierenre in contraction or to an original 
difference in length of the chromo-omes. A- Ualt/er's {' o<)rt. 
p. 50S) measurements of the hook-shaped chromo-omes show, 
the length of chomosome- of a certain t\ |k* i- quite variable; 
it m.i\ varv from 0 75 14.0 mm. There is no resemblance 
however to the com lit ions in Strout*ylocvntroh(\ in respect to the 
third pair <4 hook-shaped chromosomes which always i- coitsid- 
erablv smaller than the other two. 

One of the three Y-haped chromo-omes i- probably a hetero- 
chromosome. .is Kilt/er assume- to account for the conditions 
found in Stroni*ylot aitrotus and luhtnus. Studies in ovogenesis 
and s|)ermalogenesi.s would be nete—ar\ t<» obtain evidence 
for or against tin* suggestion made. 

As it is difficult to count the total number o! chromosomes in 
a lateral view of the daughter plates I counted the number in 
polar views where fortunateK the Y-shaped chromosomes show 
verv clearly. 

1 ig. f>, a and b t represents two succeeding sections through 
two anaphase daughter plates; the Y-shaped chromosomes are 
the two double ones, finished in solid black. The number of 
chromosomes in each plate is 30. Fig. 7 shows a polar v ievv with 
three Y-shaped chromosomes; here al-o the number is 36. 

I counted 14 anaphase plates from the pole, with a clear 
arrangement of chromosomes, and found the average number 
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36, always counting the two arms of the \ -shaped chromosome 
as one. 


Although I did 

not have very much 

material I v T as never- 

theless able to trace the Y-shaped chromosomes in the 2-, 4-, 

8-, 12- and 16- to 

32-cell stages. 
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Fig. 6. 


Fig. 7. 


Fig. 8, a and b, shows a metaphase from a 2-cell stage, with 
the three Y-shaped chromosomes distinguishable by their char¬ 
acteristic splitting figures, which are fully explained below. 

Fig. 9, A and B , represents two adjoining cells of a 16- to 
32-cell stage. In cell - 4 , 9 b y we see three Y-shaped chromosomes 



8b ^ 

Fir,. 8. 


A 


si'* 





Fig. 9. 


and the two long ones. In B y 9 c f we see again two of the \- 
shaped chromosomes; and in 9 d the third one. 'The two long 
ones are distributed between c and d. The chromosomes in 
this stage are so small and crowded together that an accurate 
count of their total number is impossible. 

The figures 10-15, enlarged 4 diameters and in publication 
reduced one half, show splitting, or metakinesis, stages of the 
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Y-shaped chromosomes, From the-e figures it is evident that 
the Y-shaped ehromo-omes of tlie anaphase come from a long 
rod-shaped chromosome to which the spindle fibers are attached 
with more or les-> regal irity in the middle of the chromosome 
Fig. 12). li the separation of tin* daughter-chromosomes 
takes place earlier at one end than at the other Fig. t > or one 
arm of the chromosome is contracted more than tin* other, or, 
as Fig. 14 suggests, if -onu* hindrance on one side prevents one 

1 

+ 44 


13 14 1 

1 M.s 1 • I - 

end Irom moving toward the pole vis rapidlv as tin* other end, 
then the variations in the length of tin* amis mentioned above 
(Fig. 4) appear. 1 n comparing thc*e figures with Ikilt/er’s 09a, 
PI. XXXY 1 I.. 1 ig. to, we cannot fail to find a close resemblance. 

In Ikih/er’s paper ’oo a, p. (>07, we notice a suggestion that in 
the hook-shaped chromosomes there may be a union of two chro¬ 
mosomes, end to end at the point where spindle fibers are at¬ 
tached. The reasons given for this suggestion are the extra¬ 
ordinary length of the hook-shaped chromosomes, and the fact 
that all other chromosomes are attached to the spindle fibers 
by one end. This suggestion is a very natural one, for such 
apparently homogeneous but pi uri valent chromosomes are 
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known in Ascaris, and compound chromosomes are found in 
the maturation mitoses of certain insects (McClung, ’05, Payne, 
’09). In some of these latter cases (Payne, ’09) the plurivalent 
chromosome has a spindle fiber attached to each unit in the early 
metaphase and in many cases two spindle fibers from each pole 
are attached to one of each of the four units of a tetrad in primary 
maturation mitoses (Stevens, ’10). 

Since the Y-shaped chromosome of Toxopneustes seems to be 
exactly comparable to the hook-shaped chromosome of Echinus 
and Strongyloccntrotus , the question arose whether, assuming 
that the Y-shaped chromosomes of Toxopneustes may be biva¬ 
lent, one might by careful observation be able to trace in the early 
metaphase two spindle fibers from each pole attached to each 
of them. As the spindle fibers were not especially clear in the 
preparation stained with iron-haniiatoxvlin alone, a few slides 
were counter-stained with Rubin S. Among 42 cases I found 
only two where I was inclined to count two fibers; in all other 
cases 1 w’as certain that only one fiber from each pole w'as attached 
to each Y-shaped chromosome. My observations have there¬ 
fore failed to add any facts supporting Baltzcr’s suggestion, 
which, however, future investigation may verify. 

Baltzer (’09a) traced the heterochromosomc in Strongylo- 
centrotus and Echinus to the female pronucleus. Unfortunately 
I w’as not able to obtain suitable material for this purpose, but 
further investigation will probably reveal the same conditions 
as in Echinus and Strongyloccntrotus. 

Discussion. 

Comparing the chromosomes with peculiar shape in Echinus 
and Strongyloccntrotus with those in Toxopneustes we find that 
the hook-shaped chromosomes in Echinus and Strongylocen- 
t rot us have* no exact equivalent in Toxopneustes. The tw*o ex¬ 
tremely long rod-shaped ones are found in the three species. 
The Y-shaped chromosomes in Toxopneustes arc very similar 
to the horseshoe-shaped chromosomes of Echinus in respect to 
their formation and the equal length of their two arms. They 
differ from the Echinus chromosomes as already mentioned in 
their length and slenderness. As in Echinus we arc not able to 
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distinguish a particular one of these three Y-shaped chromosomes 
as a heterochromosome. 

The discovery of individuality of form among the chromo¬ 
somes in echinoids is a very valuable factor in support of Boveri’s 
“Individualitatstheorie” of the chromosomes. One also wel¬ 
comes every such means of distinguishing parental chromosomes 
in cross-fertilized egg>. Toxopncastes for instance has beeiYused 
for cross-fertilization {Tennent, ’07 and ’ 10). These chromo¬ 
somes \\ hich show marked individuality of form will l>e ofspecial 
value in cases of cross-fertilized eggs, where, as shown by Hcrbst 
(’09) and Baltzer (’096), the chromosomes of one parent are al¬ 
most entirely eliminated during the fir-a segmentation divisions. 
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OX THE INHERITANCE OF COLOR IN THE 
AMERICAN HARNESS HORSE. 


A. H. STURTEYANT, Jr. 

In a study of the English thoroughbred horse C. C. Hurst 1 has 
shown that chestnut is recessive to bay and brown. He supposes 
that the presence of black in the coat is the dominant character. 
Now black, gray and most roan horses also have black in their 
coats, but 95 per cent, of the English thoroughbreds are bay, 
brown or chestnut, so that Hurst was unable to verify his supposi¬ 
tion. The American trotting and pacing horse, however, a close 
relative of the English thoroughbred, exhibits colors in proportions 
much more favorable for an investigation of this kind. These 
proportions are about as follows: bay, 53 per cent.; black, 
13 per cent.; brown, 15 percent.; chestnut, 14 per cent.; gray, 
3 per cent.; roan, 2 per cent.; dun, .1 per cent. 

Perhaps before going further it will be well to give a brief dis¬ 
cussion of these colors. According to Miss F. M. Durham, as 
quoted by \V. Bateson, 2 there are three pigments, yellow, black 
and chocolate, concerned in the color of horses, as in mice, rabbits 
and other animals. Chestnuts have the yellow pigment alone. 3 
Bays have both yellow and black pigments, and browns are only 
very dark bays, shading into the self-colored blacks on the 
other extreme. Grays have black hairs mixed with white ones, 
usually in a dapple pattern. Roans are of at least three types. 
The most common are the bay, red or strawberry roans, which 
have vellow-black hairs* intimately mixed with white ones. 
The black, blue or gray roans appear to differ from grays chiefly in 
that their black and white hairs are more intimately mixed. The 
chestnut roans have yellow and white hairs. As will appear later 
the fact that there is no black in this class introduces a possible 
source of error into my calculations. However, these chestnut 

x Proc. Royal Soc., Yol. 77, lb, iqoO, p. 388. 

2 "MenrkTs Principles of Heredity,*' p. 125. 

^According to Rateson sonic chestnuts are really chocolates, but these are like 
the yellows in having no black. 
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roans are rare, forming: something less than 10 per cent of the 
total number of roan* seen on the streets of New York, and nearly 
all of those seen are heavy draught horses, so that I feel sure they 
are very rare indeed among blooded trotters. The official records 
do not distinguish between these three types of roans, but in 
the journals it is not rare to see a horse described as belonging 
to one of the two commoner cla^e^, though 1 have never yet 
seen in them a reference to a chestnut roan. There are several 
types of duns. but. as appears in the list abo\e, all are rare. 
In a few families duns seem to be dominant to buy. brown and 
black, and one was connected with gru\, but be> ond this 1 have 
found mulling about the color. Lusth there are a ver\ few- 
spotted trotters, but these are all po<»rl\ bred ones, with short 
pedigrees, and 1 ha\e done nothing with them. 

1 have tried to show hue that Hun's discover} of the domi¬ 
nance of bu\ and brown to chestnut hold* good lor the American 
harness horse, and that gray, black and roan, or all other colors 
containing bl.uk, are also dominant to chestnut, lit order to 
a\oid confusion I shall call this dominant factor for the presence 
of black Hurst s factor. \ppnrentlv all trotters ha\e the factor 
for chestnut, which I shall represent b\ (A This factor i> hypo¬ 
static to all the others here mentioned. The factor next highest 
in the scale is that for black, or Hurst’s fac tor, //, its absence 
being //. Next higher is that for ba\ , B, its absence being b. 
At the top stand the gray and roan factors, (i and R. Now- 
most horse* have neither of these List two, and are therefore 
£grr. A chestnut will nlwn\> be Chh, but may hu\e any com¬ 
bination of the other factors and their absence's, since the\ pro¬ 
duce' no \isible effect in the absence of l lurstN factor. Self 
blacks arc Cllllbbnr ( 7 / hbb, since bay is epistulie to self black. 
Ikiys have one or two C's, IBs and B's. (»ra\s hu\e C, II and 
(/, and roans haw* C, II and R. Whether these Iasi two must 
have B or not is not clear. 1 shall discus* the three epistaiic 
colors more full} and give my theory a* to brown when 1 have 
presented the evidence as to Hurst’s factor. 

The chief authorities for the statistics and color pedigrees 
given here have been Wallace’s ‘Near Book of Trotting and 
Pacing” and Wallace’s “American Trotting Register,” both of 
which are official records. 
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It is a recognized fact among the breeders of harness horses 
that certain stallions never produce chestnut foals. In Wallace's 
Monthly for February, 1880, there is an article by “Truth,” in 
which he says: “I have learned that neither of the brothers 
[Volunteer and Sentinel] have ever sired a chestnut colt.” \Y. H. 
Marrett, in the September, 1890, issue of the same paper, tells 
us that the two bay sires Volunteer and Electioneer never had 
chestnut foals. Both were by a bay sire (Rysdvk’s Hamble- 
tonian, which appears in the first table below), one being from 
a bay mare, the other from a brown. In a sale catalogue issued 
in 1903 C. \V. Williams says of the brown stallion Belsire: “His 
get are . . . bays, browns and blacks.” This horse is a son 
of the Electioneer mentioned above and of a black mare whose 
sire was a black and dam bay. He is a full brother to the bay 
Chimes which appears in the table below, and to Bow Bells, 
bay, and St. Bel, black, both also probably homozygous. 

I have found a good many sires homozygous for Hurst’s factor. 
The small number of gray and roan sires in the table below is 
to be explained by the small number of those colors existing. 
It will be noticed that two of the number have one chestnut 
foal each recorded. Director’s was found in an advertisement 
in a horse journal—obviously a poor authority, as the pedigree 
might easily have been false. That by Jay Bird is Cardenas, 
trotting record 2:2b 1 4, from a chestnut mare. He is recorded 
as a chestnut by the “Year Book.” But the “Year Book” does 
sometimes make mistakes in the matter of color. Among others 
I could mention is the case of the bay stallion Charley Wilkhurst, 
recorded as a gray gelding. 1 In this connection it is worth noting 
that Hurst found about 1 per cent, of exceptions recorded in his 
investigation, but was able to explain most of them by showing 
them to be probably mistakes. 

’See The Horse Review for December 12, 1905, p. 1424. 
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Table of Sires Homozygous for Hurst's Factor. 
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20 
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I have found onl\ 0<> r.ws of chestnuts being mated together, 
hut in all these the result was ehestnui. fliey are I rum the 
following stallions: 
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Six dillerent sires with two each . . 

Eleven sires with one each. 
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d'hc finding of foals from heterozygous sires and chestnut 
mares is a very slow* and laborious task, but I have found some 
from the following stallions: 
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Foals from Chestnut Mares. 


Stallion. 

Color. 

Chestnuts. 

Total Found of 

Alcyone. 

. bay 

3 

7 

Axtcll. . .'. 


S 

10 

Boreal. 


6 

8 

Guy Wilkes. 


7 

8 

Xorval. 


1 

6 

Onward. 


8 

20 

Red Wilkes. 


8 

14 

Strathmore. 


3 

6 

Total bay sires . 


44 

79 

Grattan. 

. black 

1 

4 

Simmons. 

. black 

5 

7 

Total black sires . 

. black 

6 

11 

Alcantara. 

. brown 

2 

8 

Allerton. 

. brown 

8 

17 

Total brown sires . 


10 

25 

Alcrvon. 

. gray 

2 

2 

Re-election. 


3 

4 

Total gray sires . 

. gray 

5 

6 

Grand Total. 


65 

121 

Expectation. 


60 1 /> 

121 


Here again T have been handicapped in working with gray and 
roan by the small number of sires of those colors, and also by 
the fact that most of the best known of those existing seem to be 
homozygous. However, I have found some sires of those colors 
which throw a fair percentage of chestnut foals, as shown in the 
following table, which shows all known foals. Two blacks are 
also included. 


Stallion. 

Color. 

Chestn ut 
Foals. 

Foals of All Colors. 

Bellini. 

. black 

3 

17 

Mambrino Patchcn. 

. black 

3 

16 

Alcryon . 

. gray 

9 

30 

Pilot, Jr. 

. gray 

4 

20 

Jay Hawker 1 . 


1 

20 

Roan Wilkes. 


3 

10 

Tom Hal, Jr. 2 . 


1 

15 


‘The one chestnut from Jay Ilawkcr is scarcely to be doubted, as he is Coun¬ 
try Jay 2:07 , 4, world’s champion trotter under saddle, and one of the most prom¬ 
inent race horses of the season of 1909. 

2 This one chestnut also is not a doubtful one. 11 is name is in fact Chestnut 
Hal. 
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It MX*ms to me that we have here sufficient proof that Hurst’s 
original supposition i> right that the dominant character is the 
black in the coat. Howeur his idea that the black, if present, 
exists on the fetlock-*, -*ceni> to me to be unjustified, as Joe 
1 kitchen, a heterozygous black, has white feel, though the white 
does not reach as far up a- the fetlock on the left hind one. 
r,rattan, another heterozygous black, also has three white fet¬ 
locks. It is not at all rare to -ee pictures of bays or browns 
with one foot or more white a^ far up as the fetlock or further. 
I li re are some examples; bay- ( apo. both hinds; Moko, 
right hind; Aru> law burn, left hind; Allerw orthy, both lefts; 
Hail (.loud, right front; browns Kedlac, both hinds; The 
Har\ester, lelt hind; Searchlight, both hinds. At least one of 
these ( Moko is honm/y g< >us. 

In the case of the next faii<*r. bay , a complication arises in 
regard to brown. As cxpluim d beiore the presence of bay is 
dominant to it-, al»eiue and the 1 ulur next below it in the scale 
is l>la< k. Brown is a < olor between tin s t * two. shaeling into both 
extre me's. It s ( euis that brown is usually a heterozygous color, 
represented by ( IIWk but that bay also is quite' often heterozy¬ 
gous, and that brown may t«.< U'ionally be* either of the homo/y- 
goiis i>|H-s,(7/«y<or(7//7L ’1 his suggests the idea that tlu* line' 

between black and 1> ly should be drawn somewhere near the 
black limit r»l brown. *1 he obvious result of this complication 
is the* creation of < misiderable t nnltMon in tlu* numerical prnpor- 
lioiis of the* two colors. It is c\ idem that, except lor this com- 
pli cation and the appearance of some chestnuts, bay will act 
as though it were* an ordinary dominant to black. 

Below is a table* showing iwelu* sires homo/ygotis for the buy f 
factor. Six of them are* bay s, and one is the only brow n certainly' 
known to be homo/ygotis for this factor. Two are chestnuts, 
and therefore lack Hurst’s factor. The other thre*e are a gray 
and two roans, and it will be noted that all three of them appeared 
in llie table of sires homozygous for Hurst’s factor. They are 
not bays because they also bear other factors, as l shall explain 
later. Of the bays two are homozygous and four are heterozy¬ 
gous for Hurst’s factor. The single black from Robert McCiregor 
is Bobby Good, pacer, 2:11 bp out of a daughter of Ashland 
Wilkes. 
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Stallion. 

j 

0 

s Color. 


0 

v 

1 J? 1 

Ashland Wilkes 

bay 

s. 

bay 


Rvsdyk’s 

bay 

bay 

brown 

Hambletonian 

Happy Medium. 

bay 

bay 

brown 

Onward. 

bay 

brown 

bay 

Red Wilkes. .. . . 

bay 

brown 

> 

Sphinx. 

bay 

bay 

chestnut 

Prodigal. 

brown 

bay 

bay 

Axworthy. 

chestnut ba\’ 

bay 

Robert 

McGregor. . . . 

chestnut bay 

bay 

Pilot Medium . . 

gray 

bay 

gray 

Jav Bird. 

roan 

brown 

roan 

Margrave. 

roan 

brown 

roan 


Foals. 




X 

i 




cr! 

CJ | 

0 

C 

c 


X 

rt 

_• 


- 

c 

7 . 

0 

0 

u 

C 


0 0 

0 

0 

0 

8 

19 

0 

5 

2 

0 

0 

114 

50 

59 

0 

4 

0 

4 

2 

69 

85 

0 

7 

24 

1 

0 

117 

92 

0 

7 

22 

3 

0 

124 

30 

0 

5 

9 

4 

0 

48 

94 

0 

19 

0 

3 

0 

116 

33 

0 

2 

32 

1 

4 

72 

42 

1 

I 

30 

2 

1 

77 

49 

0 

5 

0 

61 

1 

116 

54 

0 

15 

1 

3 

63 

136 

28 

0 

5 

0 

2 

30 

65 


The mating together of blacks should produce only blacks and 
a few chestnuts, since chestnut is the only color hypostatic to 
black. However it does produce some browns and is recorded 
as producing occasional bays. The bays so far found are: Kip¬ 
ling 2 :2iby Gambetta Wilkes ex Margaret W., and Gipsev Bel 
2130, by St. Bel ex Gipsey A. Now there is some reason to doubt 
the color of St. Bel. His dam was the black Beautiful Bells, 
but his sire was the bay Electioneer, and he is the only black 
among the eleven foals by Electioneer from black mares that I 
have found. Moreover, counting St. Bel, I have found only 
two black foals out of a total of 52 from Electioneer. Since 
Electioneer was homozygous for Hurst’s factor this small pro¬ 
portion cannot be partly explained by supposing that more of the 
52 would have been black had they had that factor. Neither 
is it possible to suppose that the small proportion is due to sup¬ 
pression by the gray or roan factor, since the 52 include only 
two grays and no roans. It looks very much as though Elec¬ 
tioneer were homozygous for the bay factor. St. Bel died young, 
leaving few foals, so that 1 have been unable to get much data 
about his descendants. As to the other apparent exception, 
Kipling, 1 shall only call attention to the fact that neither he 
nor his dam are very well known. The following table shows 
foals from two black parents. 

The case of foals from heterozygous sires and black mares is 
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black >ire. 


Hcllini. 

Gambftta Wilkes. 

Graltan. 

Patchen Wilkes . . 

Sable Wilkes. 

Simmons. 

Nine others. 

Total. 


Foals from black Mares. 
Blacks. browns. 


2 

3 

3 

is 

7 

3 

S 

34 


Chestnuts. 

I 

O 

O 

O 

O 

O 


the* one where the uncertainty about brown causes the most 
trouble. Since the presence of Hum's factor is necessary before 
any of the three colors in question can appear I have left out 
the chestnut foals in the follow ing table of foals from black mares. 


1 a s I. m i t k Mure*. 

ha Ws | 


Axtcll 

ba y 


i 4 

3 


Guy Wilkes 

ba y 


I 7 

3 

Ahant.ua 

bi ow n 


i 3 

c 

> 

Alleiton . . 

brow n 


o ^ 

3 

Nut wood 

i lue-tnut 

3 

o 

Total . 



s 2 *J 

c 

> 

The numbers 

in l he abn\ e 

table 

are small, and, as in 

the si 

milar 

case with Hurst's factor, 1 h 

a\c* s 

implemented it with 

one giving 

all known foals 

, chestnuts 1 

)eing 

again left out. 



st«<* n 

l r 


1 ub 





i 

1 .« Ics Itr wn*. 

(*ra\ «*. 

k .ins. 

How Hr. 11*. 

bay 

,s 

2 O 

O 

o 

Directum Krllv . . 

bay 

7 

2 2 

0 

0 

McKinney. . 

bay 

14 

4 8 

0 

2 

Hat on Wilke* 

brow n 

1 \ 

ID 2 8 

O 

I 

Hi own Hal 

brow n 

34 

I o 15 

2 

4 

Dictator .... 

. . brow n 

1 2 

7 5 

O 

o 

George Wilkes 

. . brown 

I 2 

5 3 

O 

I 

llighwood . . . 

brow n 

2 4 

5 8 

O 

o 

American Star 

chestnut 

() 

2 I 

I 

o 

Mambrinu King . 

chestnut 

4 

3 i 

0 

0 

The Earl. 

chestnut 

2 

i i 

o 

o 

Conductor. 

gray 

3 

i 3 

8 

0 

Pilot. Jr. 

. gray 

3 

2 1 

10 

0 

Eagle Hird. 

roan 

15 

I 4 

0 

s 

Now to turn 

to the gray factor 

. In the first place, 

1 make no 

claims that all gray is cpistatic to the four usual colors 

Perhaps 
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it will be best to take up the grays by families, and I will first 
treat of those in which it is epistatic, and then of the one in which 
it seems not to be. 

Most of the high-bred grays of to-day go back to Pilot, Jr., 
through an unbroken line of grays. This horse was a gray, son 
of a black sire and of a mare of untraced breeding whose color 
1 have been unable to find. The gray sires in the next table all 
get their gray from him. This table includes all known foals 
except chestnuts, these being omitted for the same reason as 
in the last case. Since gray is an unpopular color it is safe to 
say that nearly all these foals were from recessive (gg) mares. 1 
have so far found only one case of grays being mated together, 
and, since the produce of that mating was never heard from after 
racing, I know of no horse homozygous for the gray factor, G. 


Gray Stallion. . Sire’s Color. Dam’s. Color. Foals not Cray Gray Foals. 

or Chestnut. 

Bayard. gray ? ! 4 5 

Pilot, Jr. black ? 5 10 

Pilot Medium. bay gray 55 61 

Re-election. bay gray 12 15 

Total. 76_91 


The following sires are all sons of gray members of the Pilot, 
Jr., family. Several of them have gray foals in this table, but 
all of these are from gray mares. 


Stallion. 

Color. 

bays. 

blacks. 

browns. 

(hays. 

Roans. 

Lord Russell. 

. . bay 

16 

0 

0 

I 

0 

Peter the Great.... 

. . bay 

24 

I 

2 

2 

0 

Darknight . 

. . black 

5 

2 

2 

O 

0 

Electricity. 

. . brown 

10 

I 

7 

I 

0 

Expedition. 

. . brown 

46 

3 

10 

5 

0 

Highwood. 

. . brown 

24 

5 

8 

0 

0 

Mambrino Russell. . 

. . chestnut 

6 

0 

3 

0 

0 

Nutwood. 

. . chestnut 

70 

9 

2 

3 

0 


There can be little doubt that in the Pilot, Jr., family gray is 
an ordinary dominant, and there arc other families where it seems 
to be, though there is not as much evidence. One of these goes 
back to the mare Sontag Mohawk, and through her probably 
to imported Messenger, the foundation of the breed of American 
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harness horses. Another goes to the mare Bashaw Belle, daughter 
of Young Bashaw, gray. Of the three horses below. Conductor 
is a son of Sontag Mohawk. Manager is a grandson of Bashaw 
Belle, and Alcrvon is out of Lady Blanche, daughter of Privateer, 
both grays. 


1 >f \ "‘t 

-T - - * L.*m 


f .» s n -i < »r.iy 

r C hfsnwt. 

<.ra\ V 

Alcrvon . . 

1 av 

gray 

14 

7 

( ondn tor. 

1 

*rav 

7 

S 

Manager. 

t «*t!fJt 

id\ 

1 I 

I 2 

1 olal. 



3 - 

27 


liros and Walnut Hall, a brother and <on, respecti\t*l\■, of 
('ondmior, and both bru\ui\ ha\e no gray foaU among the 55 
1 ha\r found. 

There i> one family in w hi* h gra> appears not to be epistatic. 
Tlie first memlx r of the l.nnih that i know t»t is ('.eneral Wilkes, 
gra\, son of < ieorge Wilkes an ordinary brown which appears 
in two of the tables alreadx gi\en and has nine different sons 
in them and of a gra\ marc. 1 his stallion had some gray foals, 
of \\lu»c des(tndanl.s 1 ha\e loimd nu record. But he had two 
sons not gra\ w lii< h lia\e produced main gra\ foals. The\ are 
Dispute, blac k, and Bobbs Burns, ba\ . 1 am not sure of the 

color of the danu of an\ ot I >ipute*s gra\ foals, but iu the case* 
of Bobb> Burns Mime of tlum are lmm bay mares. Dispute’s 
maternal color jK’digree I do not know, but Bobby Burns is 
from Dixie*, a ba\ daughte r o| the- brown Dictator appearing 
in some of the* first tables in this pa|K*r. I lie colors ol all foals 
found from Dispute* and Bobb\ Burns are: 

Dispute: bay, 3; black, 2; gray, 4; all. <). 

Bobby Burns; bn\, 40; black, 10; brown, 10; chestnut, 3; 
gray, 43; all, mo. 

'This is certainK a ditTerent kind of gray from the others just 
described, but I have not enough data to try to explain it. 1 

>ln connect ion with the lay and Kray Motor* I may quote the following from 
the pen ol 1‘role^or K.ul IVarson "The Law ol Ancestral Heredity,” HiJtmlrika* 
I0«>3. vol. J. |>. 2i.p, though it was written about the English thoroughbred: “If 
black or gray coat-colour in horses were 'recessive.* when two blacks were mated 
we should expect only black olt^pring. but black can disappear for a generation 
^r even two and then reappear, t )r. take a case like that of a gray horse Viscount, 
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The last character I have to deal with is roan. This, like gray, 
is epistatic to the four usual colors in most families, but may 
not be in all. 

Many of the roans of to-day go back to the old roan race-mare 
Lady Franklin, through her daughter Lady Frank and grandson 
Jay Bird, both roans. Jay Bird sired Eagle Bird, Jay Hawker, 
Allerton and Jackdaw, and Jay Hawker sired Jay McGregor. 
The following table shows all foals but chestnuts. 


Foals. 


Stallion. 


Eagle Bird. roan 15 1 4 o 8 20 

Jay Bird. roan 54 o 15 3 63 72 

Jay Hawker. roan 6 ; o o o 13 6 

Total.. 75 1 19 3 84 98 

Jay McGregor. bay 11 1 5 o o 17 

Allerton. brown 32 8 20 2 1 62 

Jackdaw. brown 9 3 12 1 o 25 


Allerton’s roan foal is from a roan daughter of Jay Bird. 

Another family goes back to Laura Fair, roan, through her 
roan granddaughter Spanish Maiden. This last mare produced 
1 bay and 3 roans, including the sire Margrave. Tom Hal, Jr., 
founded another family of roans, and another goes to the roan 
mare Tilla, which had 4 bay foals, 1 brown and 3 roans, the latter 
including Fred S. Wilkes. The Brown Hal appearing in the 
table below is a son of Tom Hal, Jr. Chestnut foals are omitted 
as before. 


Foals. 


Stallion. 

Color. 

Not Chestnut 
or Roan. 

Roan. 

Fred S. Wilkes. 

roan 

13 

S 

Margrave. 

roan 

35 

30 

Tom llal, Jr. 

roan 

7 

7 

Total. 


55 

45 

Brown Hal. 

brown 

61 

4 


where gray remained dominant for three generations only to disappear before the 
chestnut of the mare Blue Stocking in the Viscount and Blue Stocking filly Miss 
Johanna!" Just what that passage was intended to mean is a problem which I 
have not yet solved. What do blacks produce when mated together, and what 
has that to do with skipping a generation or so? And if a recessive cannot skip 
what can? Certainly not a dominant. What is to prevent us from supposing 
Viscount a hetcrozygotc? 
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The roan and also the two gray foals of Brown Hal probably 
get their color from their dams, since in all cases these were 
daughters of roan or gray sires. As to the kind of roans these 
are I can only say that Margrave and one of his foals, and one 
of the foals of Tom Hal, Jr., are all red roans. 

I have found six roan foals which had neither parent roan. 
()ne was from a dun mare. ()ne was from two bays and another 
was from a chestnut and a bay, the chestnut being Robert 
Mcf iregor, which almost certainly carried no gray factor. An¬ 
other was from a ba\ sire and a chest nut dam. The other two 
each had a grax parent, and at least one of them was a black roan. 
Now onl\ six roans produced b\ the thousands of cases of mating 
together horses not roan is a \ <*ry small percentage. It is to be 
noticed that tlu-se sj\ are not closelx related. Kven the two 
grays concerned arc* one Pilot, Jr., and one Nmtag Mohawk. 
It seems to 11it* probable that red roan at least is an ordinary 
dominant, and that all but one of the above cases are mistakes or 
exceptions. It is quite possible that .ill horses ha\ mg the factor 
R are roan, the i\|>e ol roan deluding upon the color the horse 
would ha\e been if he had not had that factor. 1'his, if cor¬ 
rect. explains awa\ the diltu u11\ presented in the next paragraph 
in so far as roan is <<>n<ernrd. 

The relation between grax and roan is not cle.tr. It seems 
probable that some ol the hla tk roans max be connected with 
grax , but an examination of the tables gi\cn above will convince 
one that, in general, the two colors are quite distinct. 1 have 
found onlx two instant es of the mating together of grays and 
roans, and in both the result was gray. ()f course much more 
evidence would be needed in order to find out how they act 
toward each other. The relation between these two factors 
and the bay factor is also not quite clear. It is evident that the 
presence of either can conceal bay, but whether or not cither 
can appear in the absence of the luy factor is not certain. I am 
inclined to think that thex can. If gray cannot we have an 
explanation of the gray foals from the black Dispute, but get 
no help in the much harder problem concerning his bay half- 
brother, Bobby Burns. One would expect to find some chest¬ 
nuts carrying gray or roan factors (if the ChhR horses are chest- 
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nut roans there should be no chestnuts carrying the roan factor). 
With one possible exception in the case of each color I have found 
no such case. How unsatisfactory these two cases are will 
appear from the color pedigrees of the horses concerned. 


Molly Morton, gray. 


North Wind, roan. 


f Banker Rothschild, 
brown. 

i Lady Forrester, 
chestnut. 

f Young Clay Pilot, 
bay. 

( Lola M., chestnut. 


f Rothschild. 

\ Pilot Anna, gray, 
f Royal George, chestnut. 

( Belle of Saratoga, brown. 
I Clay Pilot, bay. 

f Roy Executor, brown, 
f Light Dale, chestnut. 


Summary. 


This study of the pedigrees of blooded trotters indicates that 
the color of such horses is usually controlled by five factors, as 
follows. First, a factor for chestnut, C, present in all the horses 
studied. Second, a factor for black, Hurst’s factor, //, epistatic 
to the factor C f and hypostatic to the three following. Third, 
a factor for bay, B. Fourth, a factor for roan, R. Fifth, a 
factor for gray, G. R or G inhibits B if it is present, but whether 
they depend upon its presence for their own appearance or not 
is not clear. 

Columbia University, 

June, 1910. 


THE MARSrPH M OF THE AXOOOXTIX.E. 


In the June number of the Biological Bulletin (p. 31), G. 
Lefevre and \V. Gurtis have pulili^hecl a paper on “the Mar- 
supium of tlie l’nioniche," in which the> *ay that the lateral 
(secondary) water tubes ( ut off from the original (primary) water 
tubes in the marsupium of the Anodontina* t described by myself 
in Xautilu*, I Vbruar\ , Kilo, are not present . In order to show 
this, they publish three figures of horizontal sections through the 
marsiipia of three species ot Anodontina-. 

To obviate misunderstanding. 1 want to point out, that, in 
two of the figures referred to. these secondary water tubes are 
i-kisim, most beaut i ulty and t\ pit ally in Fig. 1. In Fig. 3 
traces of them are observable, while in Fig. 2 they are not yet 
developed. 1 hese tubes arc not blood vessels, tl s might be be¬ 
lies ed after sujiertieinl iu\estigation. 

For the rest, 1 cannot go into detail, but must refer to my 
future publication •illustrated b> microphotographs) in the 
Memoirs ot the Carnegie Mu turn, where additional facts will be 
published. 

A. E. ( )r i MANS. 

( VKM.ull. Ml sn M I’lTlsIlCki.lt. Vs. 

Auvw 1. 
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ACCESSORY CHROMOSOMES IX MAX. 

MICHAEL F. GUYER. 

I nivirsity ok Cincinnati. 

Since' tin* publication of my papers on the spermatogenesis of 
the guinea ^nif 1 of the chicken resjx'ctively (Ouyer *o qa, ’09 b) 
in which ss as recorded the It inline of a chromosome or chromosome 
complex comparable to the "odd,” ‘‘accessory” or "X-element,” 
described so frequnitls of late as occurring in a wide range of 
the Arthropod.1, particular!) the Tracheata. 1 have examined 
material from other Vertebrates and can at present record its 
presence in tin* rat, its probable occurrence in the pigeon 
(although this will require some lurther corroboration), and its 
conspicuous occurrence in man. Inasmuch .is the material 
for its studs in the rat is in the hands of a student for further 
ins estimation, I shall confine ms self in this paper to a descrip¬ 
tion of the tsso accessors chromosomes as found in man, together 
ssith other features of human .s|>ermatogvne*is. 

For ms studies on man 1 have luvn fortunate in being able 
to obtain excepthmalls good material through the courtesy of 
my colleague, Hr. Raul. C» Woolley. The subject from svhich 
the testicular material ssns secured svas a negro thirty years of 
age ss ho had died suddenly from the rupture of an aortic aneurism 
(Case no. 150143, Pathological Records, the Cincinnati City 
Hospital). A testis ssas removed within betsseen an hour and 
an hour and a half after death svliile the body svas still svarm 
and slices svere placed immediately into Gilson’s and into 
Bonin’s fluids. 

Pile mounted sections ssere from five to tsvelse microns thick. 
Most of them ssere stained in Heidenhain's iron-haematoxylin 
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and counter-stained with Congo red or acid fuchsia, although 
Delafield’s hematoxylin was used with some. 

An abundance of cell divisions were found to have been in 
progress at the time of death. In a given held of the microscope, 
in a favorable region, it was not unusual to observe as high as 
six or seven cells in various phases of division. As many as five 
or six of such areas might exist in a single section, although it 
was more usual to find only one or two. The material was very 
uneven in that slides would be found in which section after sec¬ 
tion showed division stages, while in others divisions were scarce. 
These facts indicate that there were proliferating and resting 
zones in the testis. The stages found in most abundance were 
the metaphases and late prophases of the primary spermatocytes. 
It was a comparatively simple matter to find spindles on which 
the ordinary chromosomes were in metaphase with the two 
accessories, closely associated, well removed toward, or at, one 
pole (Figs. 6, 7, 8 and 9). 

In the literature of the subject much confusion prevails re¬ 
garding the number of chromosomes characteristic of man. 
There is wide disagreement in the counts of different observers 
and there seems to have been a great dearth of material showing 
division stages. Most of the enumerations are based on obser¬ 
vations of from two to eighteen cells and these often in ques¬ 
tionable stages of preservation. The great difficulty apparently 
has been to secure material which was sufficiently fresh or which 
was not diseased tissue that is notoriously irregular as regards 
karyokinetic phenomena. 

As early as 1881 Flemming discussed mitosis in the case of 
man illustrating it with some six figures (Taf. 3, Figs. 11-16) 
of which Fig. 16 is from leucocytes of leucemic blood, the others, 
from the corneal epithelium of two different subjects from each 
of whom an eye had been removed because of affection of the 
bulbus. Although at this time he made no definite record of 
the number of chromosomes, his drawings show them to be 
considerably in excess of sixteen, the number later announced 
by Bardelebcn (’92). 

Writing several years later, however, in response to the 1892 
paper of Bardelcben, Flemming (’97), from a reexamination ol 
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his old material, gives the number of chromosomes as twenty- 
four. He cites the papers of Hansemann ('91, 93) as the earliest 
attempts known to him to make a count of the chromosomes of 
man. lint since I lansemann records eighteen in one case, twenty- 
four in another, and forty in a third, the latter apparently 
estimated from the spireme stage, and inasmuch as he himself 
admits th.it his count was wry uncertain, concluding with the 
statement that, “die Zahl sieher holier als 24 Sei,” we may fairly 
disregard it, I think, in the light of modern technique. In this 
second paper Hemming '07 states that his count is based on 
only four cell-di\bimis in which the chromosomes had just 
split preparatory to separation. His exact statement of his 
observations is as follows; “ Hs gdang das /war bei keinen ganz 
sieher, ab< r bei /widen der v ier darin inthaltenen Mitosen doch 
annahernd: es scheineii in l**iden Fallen 24 I )oppelchromosomen 
/u si-in. Bei 1 > -idi n sind vs jedenfalU mehr als 22 und, wie ieh 
sagen /u koiineu glaube, weuiger ab 2.^; an einiger Stellen decken 
sie sicli so, das/ cine exacle /ahliing mir immdglich wirtl." 
Flemmings material had been lixi <1 in one sixth per cent, chromic 
acid ami stained with safranin. 

lkirdeli-ben has published three papers y’<)2, 07. o> s ) on 

the spermalogeui sis of mammals including man in which he 
comes to the com lusion that the number of chromosomes in 
the sp< rmalogonia and sjH-rmatoi y tes ot man are sixteen and 
eight res|K*i lively, and in his later papers he sets down four 
as the numbir that ultimately readies the sperm.uids. 'That is, 
there is in successive divisions a reduction in numbers from six¬ 
teen to eight and then from eight to four. This is much the 
condition that 1 have found prevailing in birds ('.uyer, *02, 09). 

W ilcox y’oo) studied section* from a testis which had been re¬ 
moved from a man fifty -lour y ears old, in an operation for hernia. 
Although scrotal swelling had existed lor a year previous to the 
operation the testis seemed to be normal in si/e and appearance. 
He reports that, “In my material the number seemed to be 
eighteen, the different counts resulting in figures ranging from 
fifteen to nineteen." He remarks however upon the striking 
absence of karyokinetic stages, so that his observations were 
based upon a very* limited number of divisions. Because of 
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this lack of favorable stages he says: “The whole organ was, 
therefore, sectioned and in the great number of sections thus ob¬ 
tained, not more than twenty cells were found in mitotic con¬ 
dition.” 

Wilcox continues: “The few cases of mitosis observed were 
in spermatocytes of the first order. One could easily distinguish 
spermatogonia, spermatocytes of the first and second order, 
spermatids, and numerous nearly mature spermatozoa. The 
number of the latter to be seen was very large and precludes the 
assumption that the testis was functionally impaired by age or 
by hernia. In the opinion of the writer, this condition merely 
indicates that all the various processes in the spermatogenetic 
series are not necessarily to be observed as taking place at the 
same time. I can see no reason why there might not become 
established in the testis periods of cellular activity alternating 
with periods of cellular rest.” 

Unfortunately Wilcox gives no drawings with his paper nor 
does he state definitely whether lie regards the eighteen chro¬ 
mosomes seen in the spermatocytes of the first order as the 
reduced number or not. lie does remark, however, that, “in 
many cases they were plainly arranged in the tetrad or ring for¬ 
mation which has been observed in a pretty general variety of 
investigated species,” consequently the inference would be that 
a synapsis had occurred and that one might expect to find in 
the neighborhood of thirty-six as the somatic number. 

The latest investigation on the number of chromosomes in 
man with which 1 am acquainted is that of Duesberg (’06). 
lie reviews the work of Hansemann, von Bardcleben, and Flem¬ 
ming and on the strength of his own observations concludes 
that Flemming’s count of twenty-four is correct. The excessive 
number found by Hansemann he would account for on the basis 
of the abnormal increase in the number of chromosomes which 
is likely to occur in pathological tissues. In the case of Bar- 
deleben he is inclined to believe that very thin sections (three 
microns) are responsible for the smallness of the count since he 
regards it as probable that part of the cell had been cut away. 

The tissue upon which Duesberg worked had been fixed in 
Flemming’s or in Hermann’s fluid and stained by the iron-hre- 


ACCESSORY CHROMOSOMES IN MAN. 


matoxylin method. However, the number, twenty-four, which 
he records for man was not "determined by direct count but was 
inferred from the fact that he found two or three clear cases of 
twelve chromosomes in the primary spermatocytes. That his 
finding of twelve in the primary spermatocytes was correct is 
borne out by my observations but he is not justified, in conse¬ 
quence, in stating that there must be twenty-four in sperma¬ 
togonia! or somatic cell-divisions. M\ material shows that 
two of the twelve chromosomes are the univalent accessories, 
and a clear count of tavorable spcrmatngonial chromosomes 
reveals only twenty-two. This means in all probability that 
of the t\\el\e chromosome* ot the primary spermatocyte, ten 
are bi\alent and two accessories. Although 1 hksberg examined 
the spcrmatugonial chromosomes he states that he was unable 
to count them c\ai tl\ beyond determining that, contrary to 
the opinion ol Von Hardeleben, there were clearly more th.m six¬ 
teen. 1 le state** 1 arther p. 477 that. "Je n'.ii p.i^ pu les I'oinpter 
exaclenieilt, tant (Mils* de la pclite^r des cellules c|ue du 
nombre .e^e/ rle\e ties t hnnniMiuto, mais dans <|uelc|ues cas 
la\oral>les <>u leur numeration a pu etre cm reprise, j\ii obtenu 
des restilt.its tres \oisins de .24, jamais suj>e*rieurs a ce nombre 
dans les cellules normalcs." And in conc lusion hr \iy: “II re- 
stilte de la epic le nombre des chromosomes est ei rtaineinent a moil 
avis, tie 1 2 dans les spenn.itory les et par consequent de 24 dans 
les sperinalogonies et les ctdlules somalicjues. ("est la confir¬ 
mation de (‘opinion de Hemming.’ 

In the general scheme of the spermatogenesis of man there ap¬ 
pears to be nothing unique. One can readily recognize the usual 
tour generalion> of germ cells; \i/., spermatogonia, primary sper¬ 
matocytes p»r spermatocy le-s of ifie first order), secondary sper¬ 
matocytes (or sjKTinatocx tes of the second order), and lastly 
spermatids which transform directly into the spermatozoa. An 
abundance of easily identified Sertoli or nurse cells are in evi¬ 
dence. Occasional centrosomes were observed in suitably stained 
preparations but 1 have not pictured any in niv drawings be¬ 
cause the preparations from which the latter were made were all 
so strongly decolorized that the stain had evidently completely 
disappeared from any centre monies which might have been present. 
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The matter of counting the spermatogonial chromosomes, it 
must be admitted, is one of great difficulty. In the late prophase 
or equatorial plate stage, the only time at which a count is possible, 
they lie for the most part in an irregular band around a central 
clearer area. In the vast majority of cases only a deeply stained 
mass of small contiguous or overlapping chromosomes is visible 
in this band and an accurate count is out of the question although 
one can frequently determine that there are over twenty. In sev¬ 
eral instances, however, in which the positions of the chromo¬ 
somes and the degree of the staining were favorable, twenty-two 
distinct chromosomes, never more, were visible. 

* 

There is considerable range in size among the individual chro¬ 
mosomes of the spermatogonia as well as observable differences of 
form. Most of them were rod-like or oval in shape although some 
were more nearly spherical. In several though by no means all 
instances two chromosomes, closely associated, were seen lying 
at some distance away from the main band, out in the cytoplasm. 
Taking into account this isolation, the rounded shape of these 
chromosomes and their relative sizes, it seems very probable that 
they are the two accessory chromosomes which do not manifest 
their presence for a certainty until the next division. It will be 
observed that one is somewhat smaller than the other. This con¬ 
dition obtains also between the two chromatin nucleoli of subse¬ 
quent stages as well as between the accessory chromosomes where- 
ever they can be identified, and one is led in consequence to 
strongly suspect that they are all one and the same thing. This 
inference is all the more justifiable when the relation between the 
chromatin nucleoli and the accessory chromosomes in some of the 
lower forms is recalled. 

Fig. 2 represents a nucleus of the primary spermatocyte in the 
spireme stage which shows the two chromatin nucleoli in question. 
In deeply stained specimens these nucleoli, especially the smaller 
one, are not always evident but in preparations stained by the iron- 
luematoxylin method and then almost entirely decolorized, even 
as regards the ordinary chromatin of the spireme they are usually 
conspicuously visible. It should be mentioned that occasionally 
other small nucleolus-like granules were observable but since there 
was no constancy in their presence, size or relationship, l have 
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fell justified in ignoring them in the present discussion. Fig. 3 
represents the spireme in the contraction phase which is not very 
pronounced in man. It will he ohservred that the two character¬ 
istic chromatin nucleoli still persist. 

The primary sjxTmatocyte-* when ready for division, as has 
already been stated, reveal twelve chromosomes in late prophase 
or early metaphase ( Fig*. 4. 5 . In Fig. 4 the two accessories are 
seen at a glance and the remaining chr miosomes, judging from 
their increased si/e and 1 hanged form, are bivalent, represent¬ 
ing the paired imivaknt < hr« mu nhiics of'the sjXTmatogonium. 
'Ph.it is, of the* original twenty-two chromosomes tw'enty have 
paired to form the ten bi\.dents o| the primary spermatocy te and 
two ha\e r< mained unpaired as the aru^ory chromosomes. In 
Fig. | it is not ( \ idem just w hirh two are the accessories although 
twelve c hromosomes arc- pn-< nt. 

1 1 is <» 1 >\ ioiis lrom the the figures Figs. 4 o) that there is con- 
side rable dillcrcnc e in tlu <>| the \ arioiis chromosomes of the 

primar> sjH-rmatocy te. Although the at tempt was made it was 
not found possible to alw a\ s id« 111 it\ the individual chromosomes. 
They grade* dow ti in d/e tnun snme tlnve or lottr large ones t<> two 
or three small mu's but tin* line tuatnnis in si/e. probably due for the 
most part to differences in the effects of fixation together with 
different degree s ul extraction of the stain, were* too great to render 
identification sure. In \cry strongly decolorized sections, es¬ 
pecially when cotniieTstained with (’<mgo red, one large chromo¬ 
some in particular frequently exhibited a tetrad-like formation, 
while the other large* ones at times showed more or less definite 
indications of lobiug. In some* case s this was sufficiently marked 
to interfere w ilh accurate counting. In a very few* instances, so 
few 1 think as to be* practically negligible, there appeared to be 
fourteen instead of the customary twelve chromosomes, but the 
extra chromosomes alw ay > look the form of a tiny pair which I am 
inclined to think had become split off from one of the ordinary 
tetrads nr which had through some chance never entered into the 
proper tetrad formation. They were always united by linin-like 
strands to one or two of the larger chromosomes. 

Figs. 6, 7, 8 and 9 show the two accessories in characteristic 
positions. Side by* side, they always pass entire, considerably in 
advance of the divided ordinary chromosomes, toward one pole. 
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Of the ordinary daughter chromosomes of this first spermato- 
cytic division, a pair of small elongated ones not infrequently 
are the first to emerge from the general equatorial mass as shown 
in Fig. 7. One is led to suspect that they may possibly be compar¬ 
able to the small pair of chromosomes found so constantly in cer¬ 
tain of the Trachcata although the evidence is not sufficiently 
decisive to make this an established fact. 

It is inferred that the division of the primary spermatocyte 
is the reducing division, not simply because such a division ordi¬ 
narily occurs at this stage, but from the fact that the chromo¬ 
somes after divergence (Figs. 10,11) when compared with corre¬ 
sponding divisions of the secondary spermatocytes are seen to 
resume more the elongate, rod-like appearance that characterizes 
the univalent spermatogonial chromosomes, and also because 
the accessory chromosomes pass over entire to one pole here 
while they are halved in the next division. 

It is evident from the foregoing that as regards chromatin con¬ 
tent the result of the division of the primary spermatocyte is the 
production of two dissimilar cells, one of which receives ten, the 
other, twelve chromosomes. Fig. 10 is a drawing of one end of a 
late anaphase of such a division showing twelve chromosomes (10 
plus 2 accessory). Fig. 11, in which only ten chromosomes are 
visible, was drawn from what is probably the reverse end of a some¬ 
what later anaphase than that shown in Fig. 10. It is just pos¬ 
sible that it is a prophase of division in a secondary spermatocyte 
where univalent chromosomes come to the equator, but if so it is 
the exception rather than the rule, as the secondary spermatocytes 
ordinarily divide according to a different scheme. In any event 
the drawing serves to illustrate the fact that some daughter cells 
of the primary spermatocytes have twelve chromosomes and some 
only ten. 

In places both primary 7 and secondary spermatocytes were found 
dividing in the same field and one is led to conclude that either 
there was no intervening period of rest between the two divisions 
or that it was a very brief one. In other instances, however, un¬ 
doubted resting stages of secondary spermatocyte nuclei were seen 
in abundance. Approximately half of them showed, under 
proper decolorization, two chromatin nucleoli of which one 
was somewhat smaller than the other. 
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\\ hile al the conclusion of the divisions of the primary sper¬ 
matocytes ten and twelve chromosomes respectively were delivered 
to the pairs of daughter cells, nevertheless, when the latter as 
secondary spermatocyte^ become ready for division, half of them 
show five and the remainder seven chromosomes. A second pair¬ 
ing of the ordinary chromosomes has evidently occurred, so that 
there are five bivalent chromosomes in each type of cell and the 
additional two accessories in the one type. Fig. 1 2 is a drawing 
of two contiguous secondary spermatocytes; the one shows five 
bivalent chromosomes in Lite pmphase, the other more than live 
chromosomes in metaphase. These two cells are undoubtedly 
the two daughter cells of the same primary spermatocyte. Fig. 
13 show's om* daughter cell containing a group of seven chromo¬ 
somes and the other a late anaphase of di\ ision which show sat 1 me 
end fi\ e ehronn>s<unes. The number <>1 chn»mo>omcs at the oppo¬ 
site pole of the second evil should ol course be ft\e although be¬ 
cause of the dense massing it could not be positively determined. 
Fig. 14 represents a lute anaphase of di\ ision in a secondary sper- 
matocy to w hi< h manifestly had had seven chromosomes in meta¬ 
phase. 

Both accessory chromosomes di\ide in this second spermato- 
cyiic division period so that each resulting sj>ermatid receives 
seven chromosomes (Fig. 10). Fig. 13 represents an anaphase 
ol <li\ ision in a secondary spermatocy tc showing still at the equa- 
tor of the spindle a lagging chrom.itic mass. Such a condition 
was found in several instances and while 1 believe it to be the* two 
accessory chromosomes w hich happened merely to be unfavorably 
placed for ul>ser\Ation, I could not positiv ely identify it as such. 
From the relative positions of the chromosomes as seen in Fig. 16 
one would infer that tin* two sets of accessories were the last to 
have passed from the equator to the poles of the spindle, More¬ 
over, such a lagging of the accessory in this division was ob¬ 
served in both tin* guinea and tlu* chicken ((aiyer, \k>). 

It should be mentioned that occasional division stages were 
visible which, judging from the smallness of the cell and the si/.e 
and shape of the chromosomes, looked as if they* might be secon¬ 
dary spermatocytes preparing to divide with the univalent type 
(ten or twelve) of chromosome. It is possible, for instance, that 
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Fig. 11 represents a prophase of the secondary rather than an ana¬ 
phase of the primary division although I am inclined to think it is 
the latter. If such simple divisions do take place, however, they 
are certainly scarce in the material which 1 have examined so far. 

From the foregoing evidence it is manifest that there are in all 
two distinct groups of spermatids equal in number; namely, 
those which have received five and those which have received 
seven chromosomes. These chromosomes soon lose their visible 
identity and the spermatids are apparently all alike except for the 
significant fact that approximately half of them, in such prepara¬ 
tions as have been stained by the iron-hmmatoxylin method and 
then all but entirely decolorized show two chromatin nucleoli, 
it would seem probable that these nucleoli stand in direct genetic 
continuity with the two eccentric chromosomes seen in the sper¬ 
matogonia and the two chromatin nucleoli and the accessory 
chromosomes of the spermatocytes. Fig. 18 represents two con¬ 
tiguous spermatids, one of which shows no nucleoli, the other, two. 
Comparison with Fig. 19 shows the relative conditions of^size be¬ 
tween the nucleoli of the spermatid and those of a primary sper¬ 
matocyte. 

As to the meaning of the second conjugation there seems to be 
at present no clew. 1 have commented on it briefly in a former 
paper (’09a, p. 509). It is not peculiar to man for I have observed 
it also in the pigeon (’02, ’03), the guinea (’09a) and the rooster 
(’096). Undoubtedly Bardeleben (’97, ’98) still earlier saw the 
same phenomenon in man, for although my results do not agree 
numerically with his count of sixteen, eight and four respectively, 
evidently, from the relative proportions in his counts, he had come 
upon this second curious numerical reduction. 

Assuming that the respective chromosomes are more or less 
qualitatively differentiated, such a numerical reduction, however, 
by no means necessarily implies that there has also been a second 
qualitative reduction. Aside from the improbability of such a 
reduction, the general appearance of the divided chromosomes 
would not warrant this interpretation; for instead of the elongated 
univalent type as seen in the spermatogonia or in anaphases of the 
divisions of spermatocytes of the first order, the daughter chromo¬ 
somes here retain the rounded appearance and increased size that 
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is characteristic of tlie bivalent types (compare Figs. 1, 10 and 1 1, 
13, 14, 15, 16 and 17). Thus while half of the spermatids receive 
five, and half seven chromosomes, in terms of univalence the num¬ 
bers would in all probability be ten and twelve respectively. 

Inasmuch as the sjK-rinatids transform directly into spermato¬ 
zoa it follows that there must be be two classes of the latter differ¬ 
ing w ilh resjK-ct to w hctlu r the\ ha\ e or do not have the two ac¬ 
cessory chromosomes. 'Thus the conditions in man appear to be 
\ erx much the same that \\ iUon *00 describes for Syromustvs, 
erne of tin. sijuash-btr^ familx t’oreida* . 

Numerous examples «*t mu h dimorphism of the spermato/oa 
ha\e be< n recorded in xarious inx ertebrales, particularly in in¬ 
serts, tirnhnids and m\riapods ( and it has been clearly demon¬ 
strated that ru£s u rtili/ed b\ ‘q>crmntu/ou which possess this ac- 
cesM>r\ chromosonif or 1 hronn »s ( ,nu group there max be one, two, 
thrri or e\ (‘ii lour separate < hromutic 1 mm lit s, depending upon the 
spe(ies) dexilop into leniah s, ih<»s,« tertili/ed by spermato/oa 
w hit li do not p< >ss( it, de\ elop i 111«» males. 1 lence tlu* accessory 
has come to be regarded b\ some ol our most careful and expe¬ 
rienced workers as an a< tual m x determinant. In anx e\ent it is 
ob\ ioiisU assotTiled with the determination ol sex either as cause 
or ellect. In the light ol mmirrous recent researches both on 
plants and animals the idea has rapidlx gained ground that sex 
iirises imt as was long beli* \cd, as a response ol the developing 
organism to stimuli Irom without but that under normal condi¬ 
tions at least, it is Atuuinatu allx determined by some internal 
ph\ siological mechanism. 

Inasmuch as this intricate matter has been repeatedly and ex- 
haustiwK discussed pro and ton during the ]>ast ten \ears it is 
unnecessarx for me to enter into a rex iew ol the subject anexw 
For the general reader xxho max not have kept in touch xvith the 
current literature of the subject, txxo excellent critiques are noxv 
ax ailabli* in the recent papers of Wilson (’<><)(*) and Morgan (No). 
In these papers oik* xvill also find thoroughgoing discussions of the 
subtle problem as to xxhether. assuming that the accessories arc- 
sex determinants, the matter of sex determination is to be regarded 
as a qualitative process effected by some inherent peculiarity of the 
accessory chromosome, or xxhether the relation of such a chro- 
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mosome or group of chromosomes to sex is merely a quanti¬ 
tative one, the female type resulting when a greater amount of 
active chromatin is present. Extensive bibliographies will be 
found in the recent papers of Wilson (’05, ’06, ’09), Payne (’09), 
Morse (’09) and Morgan (bo). 

In conclusion I wish merely to point out that as regards ac¬ 
cessory chromosomes, conditions prevail among vertebrates 
(guinea, chicken, rat, man, etc.) similar to those found among 
numerous Tracheata (and probably certain other invertebrates) 
where the accessories are undoubtedly associated in some way 
with the phenomena of sexuality. In Syromastes (Wilson, ’09&), 
which seems to parallel most nearly the condition found in man, 
half of the spermatids were found to possess two more chro¬ 
mosomes than the remainder. It was predicted by Wilson 
that in consequence the somatic cells of the female of this species 
would show two more chromosomes than the somatic cells of 
the male. Later the facts were found to be in exact accord 
with his prediction, the somatic cells of the female containing 
twenty-four, of the male twenty-two chromosomes. Similar 
verifications have been made in other tracheate forms. 

In the light of these facts we should expect the somatic cells 
of man to contain twenty-two, and of woman, twenty-four 
chromosomes. The tissues of the female have not yet been 
studied with this in mind. Flemming (’97) records the somatic 
number of chromosomes, determined from corneal cells, as twenty- 
four but unfortunately he docs not record the sex of the sub¬ 
jects from which the material was obtained. If it were a female 
his count would bear out the interpretation given above. 

Summary. 

1. Twenty-two chromosomes differing considerably in size 
occur in all spermatogonia in which a definite count could be 
made. In a few instances two, apparently the two accessory 
chromosomes, were seen considerably to one side of the main 
mass of chromosomes, surrounded by a small clear court of 
cytoplasm. 

2. Twelve chromosomes appear for division in the primary 
spermatocyte, of which ten are evidently bivalent and two 


accessories. 
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3. The two accessory chromosomes pass undivided to one 
pole of the spindle considerably in advance of the other chro¬ 
mosomes, with the result that half of the daughter cells in this 
division receive twelve, and halt, only ten univalent chromosomes. 
This is evidently the reduction division. 

4. The ten univalent chromosome* which passed to the one 
secondary spermatocyte unite again in pairs, at least in the ma¬ 
jority of cases, to form five bivalent chromosomes which appear 
at the equator of the .spindle when the cell is ready tor division. 
The division here is prelum ibly an e piution and not a second 
reduction division, judging from the "i/e, shape and general 
api>earance of the resulting daughter chromosomes. Thus 
while each of the sjH-rmalids formed us a result of this division 
receive only live chomosnmrs, the latter are bivalent and equiv¬ 
alent to ten of the somatic or s|htuui< »gonial chromosomes. 
There is some slight evideme that the secondary spermatocytes 
may occasionally divide with tlu*M» < hmmosnnus in their original 
condition of univalent 1*. 

5. Ten of the twelve chromosomes which passed to the other 
pole of the spindle in the primary s|x*rmutocytc behave in pre¬ 
cisely the same wav as described in the hi"t paragraph. I he 
two accessory chromosome* come to the equator of the spindle 
in the secondary sjh rm.itoc.yte with tlu* live bivalents thus 
making in all "even, hut h actc*s.^orv now divides so that the 
resulting spermatids rath receive "even chromosomes; that 
is, live 4 bivalent plus two accessory, or the equivalent of twelve 
univ alent ( hr* hikisdiiks. 

(>. In reality, then, of the total number ol spermatids, half 
have in all probability received ten. and half, twelve l to pills 2) 
univalent chromosomes. Inasmuch as the spermatids transform 
directly into spermatozoa, there must be two classes ol the latter 
differing with res|>eet to whether they have or do not have the 
two accessory* chromosomes. 

7. It is a significant fact that approximately half the resting 
spermatids when strongly decolorized after iroii-hiematoxy lin 
staining, show two chromatin nucleoli and half do not. It 
seems probable that these nucleoli may correspond to the ac¬ 
cessory chromosomes and are to be identified with the two 
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nucleoli of the primary spermatocyte and the two eccentric 
chromosomes seen in the spermatogonia. 

8. It is probable that in man and certain other vertebrates, 
as in the insects, myriapods and arachnids, the accessory chro¬ 
mosomes are in some way associated with the determination 
of sex. 
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Explwwtion ~)F Plvte I. 

All oi th< drawings \v-re malt- with t he aid oi a camera lucida; their magni¬ 
fication is appr< ximately 1.550 diameters. While the chromosomes arc repre¬ 
sented as ac- urately a*. po -ibh\ n i attempt has been made to show details oi the 
achromatic tr i tun-. U*\on I general appearan cs and relations. In several 
ca"<-s where the c hronn«"oinr*» wep* not in the same local plane they have been 
drawn caret ills in the i«n>*.t favorable plane and then corrected as much as possible 
from second in re .1 • mate hawin'*. »i **u h indi\i<Iual chromosomes as were not 
in lot if*' in tin I i -1 drawing 

I t*, i. 1 -ate proph.t e * i h rinati ; mal div Mon "bowing twenty-two i hro- 

iu< "Pin* s 1 In* two tin tin in « ^ Iv i! g to ii i le ui tin* main /one oi chroino- 

< ini ** are j r< imablv the two a- r • >r• . 

l'lo Nu;hu it pmnarv - je r m it* \ t* dewing *.pueine stag* with two 

clire tr (tin n it h •)i. 

1 'ic Xu hill it primar\ \ t * bowing the contract ion-pha*e 

ol the ii lit. |i ai unit* nt a i tw j* i * til v. ink * fill. 

l*lo. late piophni ol div** n m a pniMarv *perinatfH'\te showing twelve 

htniiio oiipi. 1 he tw i In hi f t- in i < the m mi group are the acve"**orn s. 

l*!o. 5- I ate |n. j ha * < » 'h\i - *n in i pmnarv «q>ei matoc vie showing twelve 

lit«*11 o-*'!in Urn* tie two ,iui—*111 ait l t n idllv identllied 

1 * t<-v c». 7. s, <) Met.ipl t t <!\i in n pinuarv perm iiocwt s bowing 
the tw > a»«I--* uii in tbn.ut i i jm» in n pa mg »arlv l > the puh*» hig. 7 
"how .il 1 tw • pie* ik in t • I \ diverging ilaught* r ihrun ^-unr*. 

hi*. 10 < »!«.*• end <t . lat rtiiipha** 1 1 1 \ 1 hii in upiimaiv "permal *k \ te 

dumiiw twt l\< » lit "ii * »iin- *0 j 1 m j a • u v . 

hio. it. PioImMx 1 tic • 1* 1 nt ,1 Ltd aiMph.i *• * 1 1 \ 1 ion in a pmnary "p*i- 

matiKNte. "Iinwtn^ tin 1 lit n i'in . tin* a *» t\ t hroiiio-oiin*" having Mine 

to the nppi>ttc ; |< ; pi l 1 \ 1 pi |*1* 1 i dt\tduii ina "ccondary "pi rmatocyte 

in w lilt Ii the ten 1 l-ioiiio-eiiM line t email' d uimahnt. 

1* n . I 2 . 1 wo t nut lgtioii" "« 1 m lai\ p* 11 lati * \ t«•" >t w hich one "how" li\e 

bivalent 1 Intmn*"«mu " 111 lali pi• »j»1 a**e, tin tlui more than li\ e chiomo"*'>nies 

probably fi\< bixalint pi 1 two am-"i*r\ in u*i laph.i"i* 1 hi-"e two cells are 
evidently tin pioduCt «>1 a livi i 11 a pmiaiv pi imalm v te in which ten cliro- 
1110 ome" pa""* d to i ne p* * and till phi tin two a* 1 e "iiries t*» the other. 

Km. 13. 1 wo comiipjoii" "t 11 n I 11 v ^pennatiH V te*.. < hu\ having jU"t div idrej, 

"hows live <hroiin»"omes at one pole; the chromoMunes t n the other pole are so 
massed as to preclude counting although then* "Imuld be five. The other secon¬ 
dary spermatoevte "how" "evm dirnmosomrs in late prophasc. 

Km. ii I ate anaphase ol div i**«on in a secondary spermatocyte which has 
received the two accessory clironio" unes, showing seven chromosomes in all. 

hTc;. 15. Anapha"e oi division in a secondary spermatocyte showing still at 
the equator a lagging chromatic mass which is probably the two accessory chro¬ 
mosomes although it could not be positively identified as such. 


234 


MICHAEL F. GUVER. 


Fig. i 6 . Late anaphase of division in a secondary spermatocyte which has 
received the two accessory chromosomes. Each of the latter divides as an inde¬ 
pendent chromosome at this time. 

Fig. 17. One end of a late anaphase of a division in a secondary spermatocyte 
which had not received the accessory chromosomes. 

Fig. 18 . Two contiguous spermatids, one without chromatin nucleoli, the 
other with two. The spermatids in general are about equally div ided into these 
two classes. 

Fig. 19. Nucleus of a primary spermatocyte showing two chromatin nucleoli. 
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OX THE RIGHTING MOVEMENTS OF THE STARFISH. 1 


A. R. MOORE. 

In an article entitled “The Behavior of the Starfish, Asicrias 
Forrcn de Lariol,’’ 2 Jennings discusses the movements of that 
animal in righting itself. lie a^unii's that the starfish makes 
its movements in order to adapt itself to its environment and 
that therefore these movements are purposeful. From this as¬ 
sumption he concludes that "when the starfish is turned over on 
its dorsal surface locomotion is impossible, the finding and capture 
of food must stop; the delicate gilK art* pressed against the* bot¬ 
tom, injuring them and impeding respiration; and displacements 
of the internal organs must occur that may be harmful to their 
proper functioning. We find, as might be anticipated, that there 
is a regulation of these bad effects by movement; the starfish 
turns again on its ventral surface 

A much simpler explanation of the righting movements has 
been given by I.oeb. 3 lie points out that the tube* feet are 
positively stereotropic. Therefore the arms twist and turn until 
all of the tube feet are in a position to be in contact with a 
surface. 

I have made observations on about thirty specimens of. 1 stcrina 
miniata and a like number of Asicrias ochraccu , with a view to 
determining the nature of the righting movements. 

Let us look first at the causes, which Jennings has given us, 
for the starfish righting itself. 

In regard to the first, vi/., that locomotion is one of the ends 
which a starfish has in view in righting itself, I have found that 
very frequently the starfish crawls up the side of the aquarium 
and, upon reaching the surface of the water, thrusts out three or 
four arms dorsal side downward, their tube feet clinging to the 
surface film of the water. In such a position they' remained 

‘From the Ilerzstein Research Laboratory. New Monterey. Cal. 

5 Jenning*. University of California Publications . Zoology. Vol. 4 , pp. 53 1 S 5 . 

s Loeb, “Comparative Physiology ol the Brain," Chapter 3 . 
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sometimes for more than an hour, although further locomotion 
was impossible, and no attempt at righting was made. In fact, 
the starfish often retained such a slight attachment to the wall 
of the aquarium that the surface film of the water could no 
longer support the weight of the animal, with the consequence 
that the latter fell to the bottom of the tank. In such cases the 
tube feet cling to the surface film of the water because the film 
acts as a solid surface; it cannot, however, bear the animal’s 
weight. Romanes 1 speaks of these movements as follows: “On 
reaching the surface, the animal does not wish (!) to leave its 
native element . . . and neither docs it wish (!) again to descend 
into the levels from which it has just ascended. It therefore 
begins to feel about for rocks or sea weeds at the surface, by 
crawling along the side of the tank and every now and then 
throwing back its uppermost ray or rays along the surface of 
the water to feel for any solid support that may be within reach.” 
Romanes evidently was not familiar with surface tension. Had 
he known that the surface film of a liquid acts like a solid surface 
he would have been prevented from attributing intelligence to 
the starfish. 

In order to see whether pressure on the gills might, as Jennings 
states, cause the starfish to turn over, I supported a glass plate 
in the aquarium, at a height just sufficient to press lightly on the 
dorsal side of a starfish moving over the floor of the tank. This 
was placed in the path of an approaching starfish. The latter 
did not change its direction when the plate was touched, but 
pursued its course, although the gills were pressed down. Fur¬ 
thermore, if a starfish is allowed to attach itself to a glass plate 
and is then suspended dorsal side downward so that it touches 
the bottom, its movements continue normally, although it could 
easily right itself if that were necessary. Clearly, then, pressure 
on the gills is not one of the factors which causes a starfish to 
right itself. 

The displacements of the internal organs which, we are assured, 
“must occur” when the dorsal side is down, can only be due to 
gravity. I have frequently observed large numbers of starfish 
clinging, dorsal side downward, to overhanging ledges, feeding 

‘Romanes, “Jellyfish, Starfish and Sea lYchnis,” p. 268 . \ 
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on barnacles and molhisks. Surely, “the displacements of the 
internal organs which must occur” when the dorsal side is down¬ 
ward, do not interfere in the least with the ingestion and digestion 
of food. Such “displacements*’ can, therefore, hardly be con¬ 
sidered seriously as causes for the righting movements taking 
place. 

We are forced to conclude, from the observations described, 
that, as Loeb has staled, the starfish ceases its efforts to right 
itself the moment all the tube feet can be brought into contact 
with a solid surface. (»ra\ ity pla\ s no part in the righting move¬ 
ments. 

The idea has been nth.meed by Loeb 1 that the mechanism of 
the righting movements i> the result of coordinating and inhibit¬ 
ing impulses, \\hi<h are transmitted to the \arioiis arms b\ the 
\ entral nerv e ring. 

Six distinct methods ot the righting reaction have been de¬ 
scribed by Jennings, but he has made no analv sis of them on the 
basis of inhibiting and coordinating impulses. My observations 
agree with Lorb's assumption and ghe a rather simpler explana¬ 
tion of the behavior of the starfish. 


n 



As a rule, when a starfish is placed upon its dorsal side, the 
arm whose tube feet first touch bottom determines the course 
of the righting. This arm begins at its distal end to twist the 

’Loeb. “Comparative Physiology ot the Brain.“ Chapter 3 . 
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dorsal side upward, and as rapidly as the twisting is accomplished 
the tube feet secure a hold on the bottom. Next, if not simul¬ 
taneously, the arm adjacent to the ventral side of the arm which 
is obtaining a hold, twists, so that the ventral surfaces of the 
two arms face each other, and secures itself in the same manner 
as the first. If A and B have in this way attached themselves 
to the bottom, inhibiting impulses are sent to C and D. The 
latter release themselves if they have already seized the bottom, 
rise ventrally, dragging E which either remains passive or bends 
dorsally, even catching the bottom with its tube feet in some 
cases. The righting is completed by C, D and E passing over 
A and B and attaching. 

This simple and useful method of righting may be modified 
by (1) inequalities in the length of the arms, (2) injuries to certain 
of the arms, (3) any initial twist an arm may have due to its 
position before the animal was laid upon its dorsal side. 

As to (1) short arms are more sluggish than ones of normal 
length, (2) injury to an arm inhibits the active twisting and 
seizing of the surface with the tube feet of this arm, (3) if an 
arm is partially twisted its tube feet reach the bottom more quickly 
than they otherwise would. As a result we have the following 
modifications of the normal method of righting. 

1. If four arms are injured, their activity is inhibited and the 
righting is accomplished by the one uninjured arm. It may 
force an adjacent arm to coordinate weakly. 

2. U A and C (Fig. 1) twist so as to face each other with their 
ventral surfaces, B receives two impulses, from opposite direc¬ 
tions, to coordinate, and therefore does not twist either way but 
bends under dorsally, allowing A and C to accomplish what A 
and B did in the normal case. The same result may be brought 
about by injuring B , D and E . 

3. Sometimes inhibitions are weak and A, B, C and D may all 
remain attached, C and B facing ventrally toward A and D . 
E alone is inhibited and the righting is accomplished by A and B 
walking backward under C and D. 

I found, as Jennings noted, that in a few cases a starfish per¬ 
sistently refused to use a certain arm for initiating the righting 
movements. In most cases this was clearly due to an injury or 
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malformation of the inactive arm. According to the author cited, 
such a starfish could be “taught” to use the idle arm by giving 
the animal a large number of “lessons” (1S0 in one case) in which 
arms ordinarily active were prevented from taking hold by “stim¬ 
ulating their tube feet with a glass rod” whenever they attempted 
to attach themselves. 

I was able to compel starfish of this sort to use the idle 
arm by injuring the active ones in the following ways: (i) 
Irritating the ventral groove of the arm by rubbing it with a 
glass roil, (2) treating the tips of the arm with a few drops of 
nj 10 acid. Two or three applications a few minutes apart usually 
sufficed to render the arm inactive. In this way I was able to 
“teach” the starfish in one “lesson,” spontaneously to use an 
arm previously inactive. lhe length of time the lesson was 
“remembered” depended upon the degree of the injury. It seems 
evident from this that Jennings' “lessons” consisted merely in 
inhibitions due to the injury caused by his irritating the tube 
feet of the active arms. Hut an inhibition caused by a single 
or persistent stimulation is not identical with the phenomena of 
memory manifested in the process of teaching. 

SfMMA RY. 

1. 'The righting movement* of a starfish which has been placed 
on its dorsal side are due only to the positive stereotropism of 
the tube feet. 

2. An injury to an arm inhibits its being used for the initiation 
of righting movements. 

3. A starfish cannot be taught to use an arm which is ordinarily 
passive, but by injuring the other four arms these can be pre¬ 
vented from initiating righting movements and the fifth arm 
then initiates these movements. 

I wish to express my sincere thanks to Professor Loeb for his 
helpful suggestions and criticism. 


A SIMPLE COOLER FOR USE WITH THE MICROTOME. 


CASWELL GRAVE and OTTO C. GLASER. 

The microtomist’s ability to prepare thin paraffin sections, 
depends, among other things, on the hardness of his imbedding 
medium, and this, in turn, on the temperature of the laboratory. 
Usually this circumstance offers no insurmountable difficulties, 
but there are times and places when this is not true. To meet 
such conditions several devices have been suggested and used 
by various investigators, but we know of none so simple, or as 
little likely to make difficulties, as the one about to be described. 

The apparatus, which is shown, set up for action, in Fig. i, is 
essentially a hollow truncated pyramid, open at both ends, and 
suspended in an inverted position from a standard, so adjusted 
that the lower end of the shoot is at a convenient distance above 
the knife. At [the upper end of the inverted pyramid, and 
surrounded by it, is a tray whose dimensions are less than those 
of the base of the shoot. This tray is filled with crushed ice, 
and from one corner of it a drain leads the water to the escape 
from the lower end of the air-channel. At that point a rubber 
tube connects the pipe with a suitable receptacle. 

The cooler is easily set up, interferes in nowise with the opera¬ 
tor, and is thoroughly effective. When the air of the room 
strikes the melting ice in the tray, it is chilled and immediately 
falls between the tray and the walls of the pyramid. In this 
way a constant stream of cold air pours from the lower end of the 
shoot, and as this may be placed directly above the paraffin-block 
and knife-edge, both of these are cooled, and make it possible 
to cut sections very much thinner than the unmodified temper¬ 
ature of the room would allow. 

The extent to which it is desirable to cool the paraffin and 
knife varies with each specific case, but the cooler is adjustable 
in at least two ways. In the first place the distance of the block 
from the end of the shoot can be changed within comparatively 
wide limits; in the second place the temperature of the air de- 
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livered may be further lowered by the addition of XaCl to the 
ice. Other salts can be used should a greater depression of the 
temperature be necessary. 

The following table is the record of a test made at a room tem¬ 
perature of «S7.«S°F. ' 1 'he material in this particular case could 



Fh. 1. Pli ttn^tapii ot ( ooler. l>\ Msn Fianro J. Dunbai Mi.hih ment'! ol 
pyramid : ba*e. u.5 in. x s 7 in ; truncate I apex. (i.i in. x 2.1 in Measurements 
ot ice-tray : <s..x m. x 3.3 in. l\i>t, 53.50 without the standard. 

not be imbedded in paraffin with high melting-point and satis¬ 
factory sections, even as thick as 12 micra, could not be cut. 
With the aid of the cooler howexer, a perfect series, 3 micra in 
thickness, was easily prepared from the same block of 45 4S 0 
paraffin. 
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Test of Cooler. 


Room temperature.3i°C. .. .S7.8°F 

Contents of Tray. Distance below 

Mouth of Shoot. 

Crushed icc.6 cm. 24.5 76.1 

Crushed ice+ XaC'l.6 “ 23 73.4 

Crushed ice.3 “ 18 64.4 

Crushed ice-f-XaCl.3 “ 17 62.6 


Several coolers, varying somewhat in size, but all modeled af¬ 
ter our original one at Johns Hopkins University, are now in use in 
different laboratories. The measurements given in connection 
with Fig. 1, are those of the cooler at the University of Michigan. 
This particular one does not have the advantage of a removable 
ice-pan. In general, size is of little consequence unless it in¬ 
volves too great a reduction in the capacity of the ice-tray, or is 
conducive to too much absorption of heat by the sides of the 
pyramid. This latter difficulty is easily overcome by lining the 
shoot with asbestos paper. 

Johns Hopkins University, 

University of Michigan. 

July 15, 1910. 







THE QUESTION OF REVERSAL OF ASYMMETRY IN 
THE REGENERATING CHEUE OF CRUSTACEA. 


CHARLES R. STOCKARD. 

During the summer of 1909 while at the Tortugas Laboratory 
of the Carnegie Institution I undertook a further analysis of 
the reversal phenomenon in regenerating specimen-of the genera 
Alpheus and Synalphcus. 'These small Crustacea commonly 
called snapping shrimp, on account of their habit of snapping 
the large chela* with such force as to produce a surprisingly loud 
noise, are abundantly found in the “logger-head” sponge and 
in the holes of disintegrating coral rock on the Tortugas reefs. 
There are a number of species live of which, Alpheus formas us 
and armillatus and Synalphcus minus and two other unidentified 
species of Synalphcus, were employed in these experiments. 

The several species differ in size and body color but are es¬ 
sentially similar in general structure. 'The first pair of appen¬ 
dages is decidedly asymmetrical in both sexes. One member of 
the pair, either the right or the left, is extremely large, in some 
eases being more than half the size of the body itself. 'The 
general type of this chela in the five species follows more or 
less closely the description given by W ilson, 1 for the great chela 
of Alpheus hcterachclis. It is greatly rounded or swollen with 
transverse grooves on either side of the propodus, varying in 
depth with the species, and presents characteristic color patterns 
being tipped with a lively rose color in Synalphcus minus while 
in the other species it is bluish, dark or brow n. On the concave 
side of the dactylus is a swollen knob forming the “hammer” 
which fits into a corresponding socket on the outer side of the 
propodus claw*. By extending the dactylus and then suddenly 
snapping the claws together the “hammer” is forced into the 
socket with the surprisingly loud sound. 

Wilson’s description further applies in that the large chela 
has essentially the same structure in both sexes, while the small 

’Wilson. E. B., “Notes on the Reversal of Asymmetry in the Regeneration of 
tlie Chela.* in Alpheus helerochelis .“ Biol. Boll., IV., pp. 197 210, 1903. 

-43 


244 


CHARLES R. STOCKARD. 


chela shows characteristic sexual differences, we shall be mainly 
concerned, however, with the fact that the small chela is always 
typically different from the large chela in shape as well as in size. 

Przibram 1 discovered that in several species of jUpheus after 
the removal of the large chela a chela of the small type regener¬ 
ated from its base while the small chela of the opposite side meta¬ 
morphosed or developed into a great chela of typical form at the 
following moult. In other words, the asymmetry was reversed. 
Further, when both first chelae are removed they regenerate in 
their original conditions, no reversal following. 

Zeleny 2 found an exactly similar phenomenon to occur after 
removal of the functional operculum in the worm, Hydroides. 
In this case the rudimentary operculum of the opposite side de¬ 
velops into a functional operculum while a rudimentary organ 
regenerated from the base of the former functional one. The 
principle involved in this reversal phenomenon is doubtless the 
same as that in the Crustacea. 

Przibram 3 later found a similar reversal to occur in other 
species of Crustacea, while in others the removal of either chela 
is followed by the regeneration of one of the simpler or smaller 
type without a regulatory change taking place in the uninjured 
chela of the other side. In still other cases, as for example the 
lobster, Ilomonts, a chela similar to the one removed invariably 
regenerates whether the original chela was a large crusher claw 
or the slender nipping claw. 

The Crustacea thus present a scries from those forms which 
regenerate appendages of the type of the ones removed, others 
which regenerate appendages of the simpler type without a com¬ 
pensatory change taking place in the uninjured chela, and finally 
such forms as Alphens in which the simpler type of chela is re¬ 
generated after the removal of the more specialized chela while 
the uninjured small chela develops into the more modified type, 

mrzibram, II., “Experimentelle Studien liber Regeneration,” Arch, fur Enlw.- 
Mt'ch.. XL, 1901. 

2 ZeIeny, C.. “A Case of Compensatory Regeneration in the Regeneration of 
Hydroides diauthus ,” Arch. fur. Eniw.-Mcch.. XIII., 4, 1902. 

3 Przibram, II., ’Experimentelle Studien fiber Regeneration, II.,” Arch, fiir 
Eutw.-Mcch., XIII., 1901 1902; ‘‘Equilibrium of Animal Form,” Jour. Exp. Zodl., 
V., p. 259, 1907 190S. 
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and thus by a sort of compensatory regulation the animal’s asym¬ 
metrical condition is quickly reestablished. 

Wilson repeated Przibram’s experiments on Alpheits hetero- 
chclis with similar results, but carried the experiments further, 
hoping to analyze the factor*, concerned in the reversal process. 
After removing the great chela the nerve trunk leading to the 
small chela of the opposite side was clipped in order to test 
whether there was a nervous control determining the grow th of 
the small chela into .1 large one. After such an operation the 
small chela was generullv thrown oil and only two specimens are 
said to be be\ ond question, v ct “one of these did not moult quite 
normally and the other not at all.”. 'Die evidence, then, does not 
warrant conclusions .is to tin* cause ol reversal of asvmmetrv in 
the chela*. Wilson linallv believes th.it the initial factor that sets 
in motion tin* complex process of dillerentiation of which either 
side is capable, is primarilx only a difference in the amount of 
material on the tw’o sides. “Remo\ul of the large chela ob\ iotisly 
reversed the asymmetry in respect to the amount of material and 
must, lemporariK, at least, lead to a functional nervous differ¬ 
ence.” Such a suggestion max cumIx be submitted to experi¬ 
mental test, for example, after removal of the large chela from 
one side* of the bod\ if several posterior appendages be removed 
from the other side the greater amount of material may still 
remain on tin* original large chela side. Fig. 1, A, illustrates 
the operation. I nder these conditions will a large chela re¬ 
generate* from the slump of tlu old one, instead of arising by a 
growth of tlu* small first chela of the Opposite side/ 

Again, the proposition may be testcel by removing both the 
great and small chela* of the first pair and in addition amputating 
several legs em the side* of the large chela; the operation is illtis- 
trateel by Fig. I, E. The greater amount of material is now on 
the original small chela side; will this extra amount cause a 
great chela to regenerate from the small stump instead of from the 
stump of the great chela which is on the side with less material? 

Lastly, when only a portion of the great chela is amputated 
does it regenerate in the original condition or become a small 
chela, while a large chela appears on the opposite side through 
a metamorphosis of the small first chela? 





Fig. i. Diagrams illustrating the manner of operation in the several experi¬ 
ments. A, removal of the great chela and the posterior appendages of the opposite 
side, causing the larger amount of material to still remain on the great chela side; 
B, the opposite operation as a control; C, the heavy lines show the places at which 
portions of the great chela may be cut away without reversal; D and E, removal of 
both first chelae and posterior appendages from either the small, D, or great, E , 
chela side, to determine the influence of the lateral amount of material on the regen¬ 
eration of the first chela?; /,, large chela stump; S, small chela stump. 
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Aiming towards an answer for these questions a number of 
experiments were performed the results of which may now be 
considered. 

Fifty healthy specimens representing the five different species 
were selected, and tested as to their tendency to reverse the 
asymmetry of the fir^t pair of chela 4 during the regeneration 
following the removal of the great chela. Without exception 
all of the specimens responded as Przibram had found, a small 
chela regenerated from the stump of the original great one and 
the small chela ol the opposite side metamorphosed into a great 
chela. Forty of the specimens favorably survived the experi¬ 
ments. 

First Shrill 

Nineteen individuals had the great chela removed and in addi¬ 
tion a number of posterior appendages were amputated from 
the opposite or small chela side, so as to allow the greater mass 
of material to remain on the original great chela side. The 
operation is illustrated by Fig. l, A , and the opposite or control 
operation by Fig. I, B y or specimens to, 12 and 31 in the table. 
Referring to the table the results of such an experiment may be 
ascertained. 

The left side of tin* table gives the chile of the operation, the 
number of the specimen, and the appendages removed are indi¬ 
cated 1>\ .v, (i and N in the first appendage* column indicate the 
great and small chela. The right side of the table gives the 
time of moulting and the manner of regeneration, the r signifies 
a new or regenerated leg, (f and 6* in the first appendage column 
again indicate the great and small chela. The horizontal lines 
of the table are so arranged that the appendages on the right 
side of an individual are gi\en immediately above those on the 
left of the same animal, c. g., specimen 1 had the great chela and 
the second leg removed from the right side and the fourth leg 
from the left side in the first instance. Fach specimen, as the 
table shows, was operated upon a second time during the experi¬ 
ments. 

Of the nineteen cases having the great chela removed from one 
side and other appendages than the first chela from the opposite 
side the small chela, even though it was on the side of less mate- 
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rial, retained the power to grow into a large chela of typical form 
in seventeen cases. One of these cases, specimen 23, is remark¬ 
able, since at the first operation the small chela which was on 
the left side and the other four left appendages were all removed 
and regenerated at the next moult. After this moult the large 
chela of the right side was amputated along with the four pos¬ 
terior legs of the left side, thus leaving only the regenerated 
small chela on the left side while the four posterior legs remained 
on the right side. Nevertheless, the left small chela grew into 
a great chela and the four more posterior left appendages re¬ 
generated for the second time. The case seems an extreme test 
of the power of one side to regenerate all of its posterior legs for a 
second time and in addition to change the first chela from the 
small to the large size and type. Specimen 25 further indicates 
this remarkable power of the side of the individual with less 
material to replace all lost parts and at the same time increase 
the size and type of its first chela. 

The remaining two of the nineteen cases, specimens 9 and 18, 
present the first cheke equal in size after the moult following 
the second operation. Specimen 9 had in the first case the great 
chela removed from the right side and the third, fourth and 
fifth appendages from the left side. The greater amount of 
material was, therefore, still on the right side, yet the smail 
first chela of the left side became larger after the moult. The 
second operation removed the great left chela and the second, 
third, fourth and fifth legs of the right side. After the moult 
all of the amputated legs were regenerated but the regenerated 
left first was small, and the right first appendage had not in¬ 
creased in size. Thus the first pair were symmetrical in respect 
to size yet the right first or old chela had slightly approached 
the large chela type. The specimen 18 responded in a closely 
similar fashion. 

'file type of the chela is equally, if not more, important than 
the size since Przibram found the chelae to be of almost equal 
size in some cases but of reversed type, and the great type in¬ 
variably increases in size at the following moult. 

'The experimental evidence in the first case, then, does not 
support the idea that the side with most appendage material 
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has most power to produce a threat chela of typical size and form. 
I he tendency is to produce a chela of the great size and type 
from the uninjured first chela, even though this be the original 
small chela and is located on the body side which has suffered 
the loss of .ill other walking appendages. There seems to be no 
evidence from these experiments to suggest a bilateral distribu¬ 
tion ol growth energy accompan) ing distribution of appendage 
material. 

c i )\l> Si k11 s. 

I he question of a bil.iler.il distribution of growth energy re¬ 
lated to, or accompan) ing. the amount of appendage material 
on a given side was further tested in the following manner, 
fifteen specimens were operated upon so as to remo\ e both chela* 
of the first pair. It was known that when only these two chela* 
were rnno\ed that the) regenerated in their original condition, 
a large chela from the base of the original large chela and a 
small rhela from the opposite* side. ll now in addition to the 
renewal of the first pair of appendages a number of more pos¬ 
terior appendages also be renewed from the large chela side, 
this side will haw* less appendage material remaining and is. 
therefore, called upon to regenerate a greater amount of material 
to replace the* posterior legs. Will this side of the bod) at the 
same* time be more capable of producing a first chela of larger 
size and specialized t\pc than the opposite side which is called 
upon to icplacc only the lirsi chela:' Such an operation is illus¬ 
trated b) I ig. I,/*., and I ig. l, /J. torms a control experiment in 
which the additional appendages arc removed from the* small 
chela side*. 

The usual idea of regulation would require the side with only 
the first leg removed to regenerate a large chela while the other 
side replaced the* several posterior legs and produced a small 
first chela. It is found on examining the* table that after an 
operation to remove both first chelae ami one or more posterior 
legs on either the great or small chela side- that six of fifteen 
specimens regenerated the chela* of the first pair equal in size, 
not one individual reversed the type of the* lirst chela*, and 
eight regenerated the first chela* in their original condition as 
though no additional appendages had been removed. One speci- 
men died before the experiment was completed. 
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Considering the six specimens that regenerated the chehe of 
tlie first pair equal in size it is important to hnd that four of 
these cases, specimens 16, 20, 21 and 39, had the larger number 
of posterior appendages removed from the side of the original 
small chela and not from that of the large chela, so that the 
greater amount of material remained on the large chela side. 
Such operations were intended as a control for the results fol¬ 
lowing the removal of posterior appendages from the large chela 
side. Although in these four specimens there was more material 
on the original large chela side and this side was called upon to 
regenerate fewer appendages it failed to produce a great chela 
from the stump of the original one. 

In specimen 16 the first chelae remained equal in size and were 
both of the small chela type after a second moult. The left 
chela was then removed and after the next moult the right de¬ 
veloped into a great chela and the left again regenerated small. 
Both first chehe in specimens 20 and 21 were also of the small 
chela type, while in specimen 39 the small chela failed to re¬ 
generate at the first moult after the operation though a chela 
of the small type regenerated from the base of the great chela 
and remained small while the right small chela regenerated at 
the next moult. 

Specimens 31 and 32 had both first chehe and a number of 
appendages, four and three, on the great chela side removed. 
After the moult following the operation the first chehe were equal 
in size. Yet again specimens 27, 35 and 38 were operated upon in 
an identical fashion and after the moult they were able to produce 
a great chela from the original great chela stump even though 
this side was called upon to regenerate three other appendages. 

Of the fifteen cases tried, therefore, eight regenerate their first 
chehe in the original condition of asymmetry while six regenerate 
the chela 4 of the first pair equal in size and usually similar in 
type whether additional appendages are amputated from the 
great chela side or from the small chela side. Such a fact would 
seem to indicate that the amount of appendage material present 
on either side is an unimportant factor in determining the type 
of the first chela on a given side, and it seems to show further 
that there is no clearly evident bilateral distribution of growth 
energy in these regenerating specimens. 
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Conclusions. 

The power to rever>e the asymmetry of the first chehe when 
regenerating a great claw in Alpheus does not seem to he closely 
associated with a difference in the amount of material on the 
two sides of the l>ody nor with a bilateral distribution of growth 
or regenerative energy. 

Although in certain cases there seems to be a tendency to 
regenerate the chela' of the first pair equal in size and similar 
in type, such a tendency is manifest under conditions so varied 
in respect to the bilateral distribution of appendage material 
and call upon the powers of regenerative energy that the present 
conclusion is warranted. The amount of material on a given 
side of the animal, or the amount of regeneration required of 
this side are negative factors in determining the ability of the 
side to produce a great chela instead of a small one. 

Nai'I.ks, July s. lyio. 
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BIOLOGICAL BULLETIN 


EXPERIMENTS OX COLOR-VISION OF THE 
HONEY BEE. 

C. II. TURNER. 

Introduction. 

Whether insects can or cannot distinguish colors is a matter 
of much theoretical importance, for the correct interpretation 
of the relation of insects to flowers depends upon this answer. 
Most students of natural selection believed, at one time, that the 
forms and colors of flowers were adaptations to insect visitors. 
Lately there has been a reaction ba^ed on the general consensus 
of opinion, among morphological entomologists, concerning the 
poorness of inject vision. Kellogg 1 writes: “The fixed short focal 
distance, the incompleteness and lack of detail incident to a 
mosaic image, and the lack of accommodation (only partly pro¬ 
vided for by the shifting of the peripheral pigment) to varying 
light intensity, which are admitted conditions of insect vision, 
make it seem difficult to account for the intricacy in pattern 
common to many flowers on a basis of adaptation to animal 
visitors of such poor seeing capacity as insects. 

“Experimental evidence touching this criticism is singularly 
meager when one considers the importance of the subject. If 
insects can accurately distinguish colors, and at some distance, 
anil can perceive the fine details of color-pattern at a very short 
distance, then the explanation of floral structure and pattern as 
adaptation to insect visitors has solid foundation for even the 
amazingly large and varied results which it attempts to explain; 
if not, it is hard to understand how the explanation is valid (at 

’Kellogg. V. L., “American Insects,” Henry Holt & Co., second edition, revised, 
190S, pp. 5So. 
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least in any such all-sufficient degree as commonly held), despite 
its logical character (in light of our knowledge of the nearly 
limitless capacity for modification of natural selection) and the 
abundant confirmatory evidence. 

“Most of the experimental evidence so far offered is that in¬ 
cluded in Darwin’s account (‘On the Fertilization of Flowers by 
Insects’); in Lubbock’s account of his experiments on honey¬ 
bees, familiar because of its presentation in his readable book, 
‘Ants, Bees and Wasps’; and in Plateau’s account of his more 
recent but less familiarly known experiments with various insects 
including bees. Both Lubbock and Plateau are investigators 
ingenious in device, keen in deduction, and of unquestioned 
scientific honesty. Yet their conclusions are a direct contradic¬ 
tion. Lubbock believes that bees recognize colors at a consider¬ 
able distance, that they ‘prefer one color to another, and that 
blue is distinctly their favorite.’ Plateau finds that neither the 
form nor the brilliant colors of flowers seem to have any important 
attractive role, ‘as insects visit flowers whose colors and forms 
are masked by green leaves, as well as to continue to visit flowers 
which have been almost totally denuded of colored parts’; that 
insects show no preference or antipathy for different colors which 
flowers of different varieties of the same or of allied species 
may show; that flowers concealed by foliage are readily dis¬ 
covered and visited; that insects ordinarily pay no attention 
to flowers artificially made of colored paper or of cloth whether 
these artifacts are provided or not with honey, while, on the 
contrary, flowers artificially made of living green leaves and pro¬ 
vided with honey are visited (from the attraction of the ‘natural 
vegetable odor’). From these observations Plateau concludes 
that ‘insects are guided with certainty to flowers with pollen or 
nectar by a sense other than that of vision and which can only be 
that of smellf and finds particular proof of this in the facts, ac¬ 
cording to his observations, (1) that insects tend, without hesita¬ 
tion, towards flowers usually neglected by reason of the absence 
or poverty of nectar, from the moment that one supplies these 
flowers with artificial nectar, represented by honey; (2) that 
insects cease their visits when one cuts out the nectary without 
injuring the colored parts, and re-begin their visit if one replaces 
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the destroyed nectary by honey; (3) that it suffices to attract 
numerous insects if one puts honey on or in normally anemophil- 
ous flowers, simply green or brown in color, which are normally 
practically invisible and almost never visited by insects; and 
(4) that the visiting of flowers artificially made of fresh green 
leaves and containing honey demonstrates plainly the role of 
the sense of smell. 

“It must be said that, despite many just criticisms that may 
be made on the character of his experiments, Plateau has made 
necessary more experimentation for the relief of the general 
theory that floral adaptation of color is due to color preferences 
of insect visitors.” 

Forel 1 and \ on Butlel-keepcn 2 are opposed to Plateau s \ iews, 
but Bethe 3 is in accord with Plateau. 

To test his conclusions, Forel repeated, in the follow ing manner, 
Plateau’s dahlia experiment. (1) Paper dahlias were distributed 
among some dahlias from which a large number of bees were 
c Electing hone\ . The bees paid no attention to these artifacts. 

(2) Honey was placed on these artifacts, and, by skillful manipu¬ 
lation, brought to the attention of one of the bees. Immediately 
that bee neglected the real dahlias for these artificial ones. 

(3) (iradualK all of the bees neglected the dahlias for those 
artifacts with their inexhaustible supply of hone) inexhaustible 
because it w as constant!) replenished by Forel. (4 The artifacts 
were removed. After .1 lapse of several days, similar artifacts, 
but containing no honey, were scattered among those dahlias. 
Immediately the bees neglected the dahlias for the artifacts, 
which they searched for honey. Forel thinks this experiment 
shows that bees ha\e space, form and color perception. 

Yon Buttel-Keepen bases his opposition to Plateau’s views 
largely upon information furnished him by Herr Roth, leader of 
the Baden bee-keepers school, and a teacher named Staehelin. 

‘Forel. Alii?., ’‘Hie psyehischen Kaehigkeiten tier Ameisen und einiger anderer 
Insekteii,” Muenclien, iqoi. “Ants and Some ol their Instincts,” Monist. vol. 14, 
1903 4 

MJutlol-Reepcn, 11. von. “Sind die Bienen Retlex-inaschinen?, Experimental 
Bcitragc zur Biologic der 1 lonigbiene,” Biol. Cetitralbl., Bd. 20, 1900. “Are Bees 
Reltex Machines?” translated by Mary H. Geisler. Medina. O., 1907. 

3 Bethe, A., “Die lleiinluhigkeit der Ameisen und Bienen zum Theil nach neuen 
Yersuchcn.” Biol. Centrlbl., Bd. 22. 1902. 
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Von Buttel-Reepen states: “We have seen above that the flight 
[of bees] becomes very unsafe in the dusk; therefore it is evident 
that gloom\' weather influences considerably the ability to orient. 
‘One of my former neighbors,’ Roth says in his communication, 
‘painted the gable of his house over the apiary with a sky-blue 
(luftblau) color. The same bees which always flew over the 
gable, on the next dark day, bumped against it with their heads, 
trying to 11 }' through it.’ A teacher, Staehelin, made the following 
observations: A weak after-swarm, mostly of young bees from 
a hive painted blue, dispersed among the masses of humming bees 
which were just taking their flight of orientation out of the other 
hives (which, as is usually the case in Germany, Switzerland, and 
Austria, were standing close together), and settled here and there 
in clumps. After a short time they flew back to the bee-house; 
but only a few found the right hive; the rest flew to other 
colonies, and to which? Only to those where a blue door invited 
them did they attempt an entrance, but nowhere else. Unfor¬ 
tunately they were so hostilelv received that the ground in front 
of all of the blue hives was covered with bees.” 

Bethe had a swarm of bees lodged in a brown hive which rested 
on a table, lie painted the outside of the hive blue and covered 
the table with green branches. Instead of the backgrond of 
trees, he substituted one of white and yellow llowered cloth. 
Xo change was produced in the home-coming of the bees. This 
Bethe considers conclusive proof that bees are not guided home 
by memory picture contributed by the eyes. 

So far as my knowledge goes, M. Gaston Bonnier 1 is the only 
recent investigator who furnishes any experimental evidence that 
supports Bethe’s view. He found that bees, the eyes of which 
had been rendered opaque with pigmented collodion, would pass 
direct to the hive from any distance less than three kilometers. 
This observation, which is not in harmony with Ford’s experi¬ 
ence, 2 supports Bethe’s contention, but it has no direct bearing 
upon color vision. 

The purpose of this paper is not to discuss the homing of the 

'Bonnier. M. (>aston, “Le sens de la direction chez les abeilles,” C. R. Acad. 
Sci .. Paris, T. CXLV 1 II., 1909, pp. 1019-1022. 

2 Forol always found that bees, the eyes of which had been rendered opaque, 
could not find their way home. 
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honey bee; but, by means of simple experiments, to throw some 
light upon the question ‘‘Can bees distinguish colors?” 

Description of the Experiments. 

The following experiments were performed in a large field just 
west of O’Fallon Park, St. Louis, Mo. The white sweet clover 
(Mel Hot us alba Lam.), with its long racemes of white papiliona¬ 
ceous (lowers, was abundant in dense patches; but there were a 
few vacant places in the field. Foraging bees were visiting this 
white melilot in large numbers. 

Series I. (July 12, 2 P.M.). 

The (list's used in this series of experiments were cut from 
colored cardboard, and cat'll was six centimeters in diameter. 

Experiment i. / placed six discs of red cardboard on the top 
of rods that had been erected in the midst of a patch of white sweet 
clover. The rods were so adjusted that the top of each was about 
on a tree! with the tops of the weeds. Six similar discs were attached , 
at different heights, to the branches of the weeds, lloncy was placed 
on all of these discs. 

More than an hour parsed by and no response was made to 
these discs b\ the bees; blit both (lies and wasps visited them. 
Phe weeds were full of bees that were continuously (King to 
and fro in the immediate vicinity of these artifacts with their 
copious supply of honey. \\ ere the odor of honey alone sufficient 
to attract bees rellrxly, these bees should have been attracted 
early. After waiting half an hour, I decided to force the bees 
to at tend to my art ifacts. 

Experiment 2. A bee was captured in a wide-mouth bottle and 
the bottle , with the cork removed , inverted mu r one of the red discs of 
experiment /, until the bee dropped upon the disc; the bottle was 
then removed. This was tried with six different bees. 

In each case the bee always ascended to the top of the bottle 
and attempted to escape. After several futile efforts it would 
drop, either by accident or from exhaustion, upon the disc. At 
that moment, I always removed the bottle. Immediately the 
bee would leave never to return. Some of the bees fell into the 
honey; but, even in that case, they did not return. 
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Experiment 3 . — .1 branch containing blossoms on which a bee 
was foragijig was gently removed from the plant and so manipulated 
that the bee was less than two centimeters from the honey of one of 
the discs of experiment 1. This was tried with six bees. 

In no case did the bee pay any attention either to the honey 
or to my discs. The bee always left immediately and went to 
one of the blossoms of the melilotus. 

Experiment 4 . Whenever a bee alighted on a blossom near one 
of the discs of experiment /, I gently moved the sprig until the bee 
was brought to within less than two centimeters of the honey. This 
was tried with a dozen bees. 

Xo response was made to the honey. 

In a cluster of weeds about a yard from the one in which most 
of my discs were located, I had placed, at the beginning of this 
series of experiments, a red disc so copiously supplied with honey 
that it overflowed upon the weed. This disc was so situated 
that by simply raising my eyes I could sec it. Although the 
melilotus was swarming with bees, that disc remained in that 
place for nearly two hours before receiving its first visit from a 
bee. At that time, however, a bee hovered at the edge of the 
disc and began to sip the honey. It then alighted on the edge 
of the disc and continued to sip the honey. Almost immediately 
another bee flew up to this one. They both circled about for a 
moment and then alighted on the disc; one on the edge and the 
other near the center of the upper surface. From this time on, 
all of my attention was focused upon this plant. 

Experiment 5 . —Near this disc was a blossom which I had wet 
with honey. While the two bees mentioned in the above experiment 
were foraging on disc one , a bee alighted on this blossom. I gently 
moved the sprig until the bee was within about a centimeter of the 
two bees just mentioned. 

It left the blossom and, alighting on the disc, began to forage. 

Experiment 6 . — While these bees were imbibing honey , I at - 
tached two other red discs , each supplied with honey , to other 
branches of the weed. (For descriptive purposes, starting with 
the disc upon which the bees were feeding, we will designate 
them disc one, disc two, disc three.) 

One by one, the three bees on disc one departed for the hive. 
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On leaving, each hovered a moment above the disc, circled around 
it, made two or more short circles about the weed, then, ascend¬ 
ing, departed. In about five minutes, two of the bees had re¬ 
turned to the weed. They did not visit any of the blossoms; 
but, after circling in the vicinity of the disc for a moment, 
alighted on the disc and began to imbibe the honey. They 
arrived less than half a minute apart. After securing a supply 
of honey, they departed in the same manner that they did before. 
In les> than five minutes, the two had returned. One of these, 
after arriving at dEc one, left it and went to disc two and ob¬ 
tained honey. These three bees were watched carefully for half 
an hour. In that time fourteen visits were made to the red discs; 
eleven to dUc one and three to disc two. \o visits were made 
to disc' three. On two occasions three and on two other occa¬ 
sions two bees were on disc' one at the same time. On each of 
these occasions, before departing for the hive, the bees always 
explored tile neighborhood of the disc. 

Tor the half hour or more that I was conducting this experi¬ 
ment, I was too much occupied to pay any attention to the discs 
on the other weed. I now watched them continuously for fifteen 
minutes. Although the weed was alive with bees, no bee visited 
the red discs. Had any of the bees discovered those discs and 
had the\ begun to collect honey from them, some of them should 
have made a return trip while 1 was watching. It is reasonable 
to conclude that no bees had visited them. 

Thus, although over a do/en discs, well supplied with honey, 
were exposed, on weeds that were alive with bees, for full)* three 
hours, yet only three bees visited those discs and their visits 
were confined to two of them! 1 

Experiment 7.— On leaving for home , all of the discs were re¬ 
moved from the field except the three from which the bees were collect¬ 
ing honey . On those discs I placed all of the honey that they would 
hold . This was done hoping that, before dark, other bees, by 
imitation, would learn to collect honey from those discs. 

H have tried this same type of experiments at other times. Although consid¬ 
erable time always elapsed before the discs were attended to by the bees, yet the 
time was seldom as long as this. 
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Series II. (July 13, 8 A.M.) 

On mv arrival at tlie field this morning, I noticed that all of 
the honey had been removed from the discs; and, in two cases, 
that much of the color had been removed in spots. It looked 
as though the bees had attempted to carry off even the paper 
that had been saturated with honey. 

Experiment 8 .— Among the branches of the same plants of 
meUlotus from which , yesterday , a few bees learned to collect honey , 
I placed six red and six blue discs . Two of the red discs (/, 4) 
and one of the blue were attached to the tops of rods five feet high 
{the height of the weeds), the others were pinned, at different levels , 
to the branches of the weed. In the center of each red disc, honey 
was placed. The red discs were numbered from 1 to 6, the blue 
from 7 to 12. There ivas no honey on the blue discs. 

Almost immediately a bee alighted on disc one. These discs 
were watched continuously for a little less than a half hour. 
During that time no bees visited the blue discs, but they made 
thirty-nine visits 1 to the red discs. These visits were distributed 
as follows: disc one, seven; disc two, two; disc three, nine; disc 
four, seven; disc five, six; disc six, eight. The bees visited the 
discs on the rods (1,4) just as readily as they did those attached 
to the weeds; they visited those high up (1, 2, 4, 6) just as 
frequently as they did those low down (3, 5). Whenever a bee 
was ready to depart for the hive, it always made, in the manner 
already described, a careful orienting flight. From now on the 
bees began to visit the red discs in such large numbers that it 
was impossible to keep an accurate record of the number of visits 
Sometimes as many as ten bees would visit the same dit-c at 
the same time. 2 The significance of this maikcd change in the 
behavior of the bees will be discussed later. 

Experiment 9 .— 1 selected a red disc from which four bees had 
been collecting honey and , while the bees were an ay, placed it about 
six inches lower o?i the plant. In its place I placed a blue disc. 
The blue disc did not have any honey on it. 

'In all of these experiments, whenever a bee alighted on one of my artifacts, it 
was counted a visit, whether it was the arrival of a new bee or a return visit of a 
former \ isitor. 

2 \Vhen these experiments were first planned, it was my intention to mark each 
bee that participated; but, at this stage of the work, I realized that such a pro¬ 
cedure would be impracticable and my paint and brush were put away. 
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The bees that arrived at the weed in the vicinity of the blue 
disc dropped at once to the red disc, without even pausing before 
the blue. 

Experiment io.— / placed three more rods in the midst of the 
same need; on two of them I placed blue discs without honey , and 
on the other one a red disc with honey. 

At the end of fifteen minutes, all of the red discs were being 
visited by numerous bees; none of the blue discs were being 
visited. 

Experiment i i Two rods were placed so near each other that 
a space of not more than two centimeters separated the discs. One 
disc was red and the other blue. The red disc was supplied udth 
honey , the blue was not. After they had been in one position for fifteen 
minutes , the red disc was placed where the blue had been and the 
blue placed in the place from which the red had been taken. 

During the few minutes that these discs were under observa¬ 
tion, many bees visited the red disc; on one occasion, three bees 
were obtaining honey from it at the same time. Only one bee 
visited the blue, and, evidently, she was not foraging for honey. 
She spent at least ten minutes on the disc and most of that time 
was spent in one place. A part of the time she was rubbing her 
legs against the edge of the disc, the remainder she seemed to 
be simply resting. 

Experiment 12. Five centimeters from a red disc containing 
honey , I placed a blue disc containing honey. 

During the ten minutes that these discs were watched, twelve 
visits were made to the red disc and only one to the blue. On 
three different occasions, there were three bees on the red disc 
at the same time. It was at the close of the ten minutes that the 
first bee visited the blue disc. 

Just as soon as the bee had imbibed the honey and left the blue 
disc , the disc was replaced with a blue disc that was not supplied 
with honey. 

During the next five minutes, five visits were made to the red 
and none to the blue. One bee hovered momentarily above the 
blue and then went to the red. 

Experiment 13. —In a different place from that where experiment 
twelve was performed , I arranged , close together on rods , one blue 
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and two red discs. On the blue disc and on one of the red discs 
honey was placed. 

During the time these discs were under continuous observation, 
fifteen visits were made to the red disc that was supplied with 
honey, one bee alighted on the red disc that did not bear honey, 
and three bees alighted on the blue disc. These three bees visited 
the blue disc at the same time; one bee alighted on the disc, 
and then almost immediately the other two followed. 

While the three bees just mentioned were on the blue disc, the rod 
supporting that disc was gently removed to a portion of the melilotus 
patch that did not contain any of my experimental discs. 

One by one, the bees made a careful orienting flight and then 
Hew away. These discs were no longer kept under continuous 
observation; but, at regular intervals, they were visited and the 
honey replenished. On those occasions I would watch each disc 
for about five minutes. On each trip I found three bees visiting 
the blue disc. The disc might be free from bees when 1 arrived ; 
in a short time, however, three bees would arrive. They did 
not arrive simultaneously; but, before the first arrival had left 
two more would be there. I therefore concluded that the same 
three bees that discovered the honey on the blue disc had con¬ 
tinued to visit it, and that no other bees had grasped the signifi¬ 
cance of that blue disc. (Unfortunately, for the reason mentioned 
above, these bees were not marked and one cannot be absolutely 
certain of their identity; but, from a knowledge of the habits of 
bees when foraging and of the time required to make a trip to 
the hive, I feel certain that they were the same bees.) 

Experiment 14.— While several bees were collecting honey from 
one of the red discs that capped one of my rods, the rod was gently 
carried fifteen feet in the direction of the hive and erected in another 
patch of melilotus. 

One by one, the bees made a careful orienting (light and then 
flew away. In a short time they had returned. Often eight 
or ten bees would be on the disc at the same time. While I was 
taking my notes, some of the bees hovered within a short distance 
of the small pad (13 X 8 cm.) on which I was writing, as though 
they were examining it. From nowon this behavior was common. 

Experiment 15. While ten bees were foraging on the red disc 
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used in experiment fourteen, the rod was gently carried fifteen feet 
nearer the hive and erected in a place that was free from tall weeds; 
even the grass had been cropped short by a horse that had been 
grazing there. 

The bees, on lea\ ing, hovered about the disc a long time, even 
examining the cork to which the disc was pinned. Then, after 
describing a shallow spiral, they flew away. In a short time six 
had returned to this disc. On her return, each bee flew to the 
cork first and then to the top of the disc. 1 was now forced to 
leave the experiment for half an hour. On my return, the disc 
was being visited by numerous bees. During the five minutes 
that I watched it, twenty-six visits were made to it. There were 
always from six to ten bees on the disc. 

Kxn-.Ki.MUN i if*. From the mclilotus weed in which the first 
experiments of this series were performed , I gently removed a rod 
which was capped with a red disc upon which ten bees were foraging 
and erected it fifteen feet further away from the hive, in another patch 
of white sweet clover. 

The bees on leaving made a careful orienting (light. I left 
the disc for about twenty minutes. On my return, 1 found 
se\en bees resting on the disc and imbibing honey. 

Kxpkkimi- n r 17. .1/ that end of the field whii h was most distant 

from the hive , and at about fifty yards from the weeds in whuh the 
first experiments of this series were performed, there was a large 
patch of the same plants, from the racemes of which numerous bees 
were collet ting honey. In the midst of these weeds, but well exposed , 
I placed a red disc upon which I had poured some honey. 

I remained by this rod for twenty minutes, but no bee ap¬ 
proached it. At intervals of ten minutes, 1 made six visits to 
this disc. Kach time l remained five minutes. At no time did 
I find any bees visiting the disc. 

Kxpkkimknt 18. — In a space free from tall weeds, about thirty 
yards nearer the hive than the weed in which the first experiments of 
this scries were performed , I erected one of my five foot rods and on 
its top placed a red disc well supplied with honey. 

At intervals of ten minutes, 1 made four visits to this disc. 
The first time 1 found one bee on the disc; the second time, three; 
the third time, two, and the fourth, four. 
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At this stage , I removed ail of the discs from the field except the 
one used in this experiment. 

At intervals of ten minutes, I made two additional visits to 
this disc. On the first trip I found ten bees on the disc; on the 
second trip, I found eight. 

On leaving for home all of the discs were removed from the field . 

Series III . (July 14, 7:30 A.Al.) 

Apparatus. —The cornucopias used in this series of experiments 
were made in the following manner: A piece of cardboard, 
colored on both sides, was cut the shape and dimensions shown 
in Fig. 1. It was folded along the dotted lines and the flaps 



fastened where they lapped. About one centimeter of the apex 
of the cone was bent over and fastened. When finished, each 
cornucopia was nine centimeters long, with an elliptical lip 
six centimeters wide and three centimeters high. The lip was 
used for attaching the cornucopia to some support. Incidentally 
it furnished a platform for the bees. Some of the cornucopias 
were red and some were green. 

Fxpkrimknt 19.— In the weeds that were the seat of the expert - 
ments of yesterday , several cornucopias were arranged at different 



EXPERIMENTS ON COLOR-VISION OF THE HONEY BEE. 269 


levels. Half of these were red and half were green and they were 
arranged in pairs , one red and one green constituting a pair. The 
openings of both members of a pair faced in the same direction. All 
of these cornucopias were attached to parts of the weed. The red 
ones were supplied with honey , but the green were not. 

Immediately after I had pinned the first red cornucopia to 
the bush, a bee entered it and began to collect the honey. Two of 
these pairs were kept under observation for nearly an hour. 
During that time numerous bees entered the red cornucopias, 
but not a bee entered the green ones. 

Experiment 20. Five red cornucopias, each containing honey, 
were arranged on rods in the following manner: .-1, in a patch of 
melilotus about fifty yards further from the hire than the weeds 
that were the site of experiment nineteen; B, C, D, arranged in a 
line extending from the patch that was the site of experiment nineteen 
towards the hire, B twenty feet from the patch, C thirty-fire feet , 
and D fifty feet; E sixty yards from the same patch mentioned 
abore in a line which , at the experiment patch , made an angle of 
75 0 with the line containing B, C, and P. Each of these cornucopias 
was risited once n cry twenty minutes, at which times it was watched 
closely for three minutes. The number of bees in the cornucopia 
when I arrired were counted, the number to arrire after I did were 
noted and the sum of the two numbers recorded. 

'fhe results of the aboVe experiment are recorded in the fol¬ 
low ing table: 


\.unci*t diet »ri* • « 

\ 1: t n IT 


Number 

of 

bees 

olwei \ ed 

on 

tiip 1 

0 

1 

7 

I 

0 

Number 

ol 

bees 

ob.M*i \ ed 

on 

nip 2 

0 

S 

2 

s 

0 

Number 

of 

bees 

observed 

on 

trip * 

0 

I 2 

6 

6 

0 

Number 

of 

bees 

obserx ed 

on 

trip 4 

i 1 

21 

U 

11 

2 1 

N umber 

of 

bees 

obserx ed 

on 

trip 5 

1 

X 

1 2 

16 

I 

Number 

ol 

bees 

observed 

on 

trip it 

0 

X 

X 

X 

0 

Number 

of 

bees 

observed 

Oil 

trip 7 : 


21 

X 

X 

6 


•Belore leaving tlie bee made a careful orienting Bight. She examined the cor¬ 
nucopia on all sides several times, reentered it three times, and. after describing 
a corkscrew curve, llew away to the hive. 

2 Tlu*re was an interval of an hour between trip six and trip seven. 

•Two other bees hovered near, but did not enter. The one that entered left 
immediately. The cornucopia was swarming with ants. 

X means that the bees were so numerous that it was impossible to make an ac¬ 


curate count. 
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Experiment 21. —Side by side , on one of the branches of the 
meUJotus weed upon which most of these experiments were conducted, 
I arranged a red and a green cornucopia , and placed honey in each. 

During the first five minutes that these were under observation 
twenty-five bees entered the red cornucopia and three the green. 

Experiment 22. On rods erected in the open space between the 
experiment weed and the hive , and about three feet from disc C of 
experiment 20 , a red and a green cornucopia were arranged side by 
side. Each contained honey. 

During the first five minutes that these cornucopias were 
watched, sixteen bees entered the red cornucopia and four the 
green. 

Experiment 23. —The green cornucopia of experiment 22 was 
replaced by a red cornucopia which did not contain , and never had 
contained , honey. This placed two red cornucopias side by side , 
one containing honey and the other empty. 

During the five minutes that these cornucopias were under 
observation, so many bees entered the red cornucopia which 
contained honey that it was impossible to count them; five en¬ 
tered the empty red cornucopia. 

The empty red cornucopia was now placed where the one containing 
honey had been and the one containing honey placed in its stead. 

During the first five minutes that they were observed, so many 
bees entered the cornucopia which contained honey that it was 
impossible to count them; many bees hovered around the empty 
cornucopia, but none entered. 

The cornucopia that contained the honey was removed , the bees 
shaken out , and the cornucopia put out of sight. This left an empty 
red cornucopia in a part of the field which, for more than half an 
hour , had contained at least one red cornucopia which was well 
supplied with honey. 

At first the bees circled around the cornucopia, presently one 
entered and then left immediately. Within ten minutes twenty- 
five bees had entered the cornucopia. (This does not mean twenty- 
five different bees, for the same bee entered more than once 
and was counted each time.) At first each bee left as soon as 
she had reached the inner depths of the cornucopia. Soon, how¬ 
ever, the bees began to enter so rapidly and in such large numbers 
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that it was impossible for those that had reached the inner depths 
to leave without a struggle; and, in less than thirty minutes, 
the cornucopia was packed almost full of struggling bees, and 
numerous others were hovering around the mouth, seeking a 
place to enter. 

Kx pic rim knt 24. — Ever since the beginning of this series of ex¬ 
periments , the red cornucopias on the mclilotus had been kept 'cell 
supplied t cith honey. At this time the weed contained eight red 
cornucopias and an equal number of empty green ones. Into the 
upper portion of this weed , I placed an empty red cornucopia . 

During the five minutes that this cornucopia was watched, 
twelve bees entered, one at .1 time, tarried a moment and then left. 

Kxplkimlnt 25. In the open , three feet from the empty red 
cornucopia of experiment Jj, I placed , on a rod , an empty green 
cornucopia. In this place, earlier in the morning, there had been 
a red cornucopia well supplied with honey. 

During the ten minutes that this cornucopia was observed, 
many bees h<>\ ered around it; one alighted on the front platform, 
but none entered. 

-* 1 // of the cornucopias were removed from the Held except the 
empty red cornucopia of experiment and the empty green one 
of this experiment. This left only tuo cornucopias i)i the field; 
one red and one green, neither of tihith had ever contained honey. 

This green cornucopia was watched coniiiuiou^K for ten min¬ 
utes. During that time main* bees hovered around the green 
cornucopia; two alighted on tin* front platform, and one entered. 
At the close of the ten minutes, I walked o\ er to the empty red 
cornucopia and found it almost full of struggling bees, and numer¬ 
ous other bees were hovering around the entrance seeking admit¬ 
tance. 

Series IV. (July 15, 3 I\M.) 

This series of experiments was conducted with special card¬ 
board boxes; each consisting of a rectangular outer case (8 X 5.2 
X 2.3 cm.) with a porch-like extension in front and open ends, 
into which there was shoved, from the rear, a cardboard tray 
5.5 X 5 X 2.4 cm. Near one side of the front end of this tray an 
entrance was made. In most cases this entrance was a rectangu¬ 
lar opening 2 X 1.2 cm.; in a special case it w*as circular and 1.5 
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cm. in diameter. The tray was shoved in from the rear until 
its rear end was just inside of the rear edge of the outer case. 

In constructing the outer case, a piece of cardboard was cut 
the shape and dimensions of figure two, folded along the dotted 
lines and glued where the sides overlap. In constructing the 
inner tray, a piece of cardboard was cut the shape and dimensions 
of figure three, folded along the dotted lines and glued, by the 
flaps, to the inner portions of the adjacent sides. 

Experiment 26. —In the same weed that has been the site of most 
of these experiments , I placed one green and two red boxes. The 
green box was placed near one of the red boxes. The red boxes con¬ 
tained honey , the green was empty. 

It had been raining all morning and it was still quite cloudy, 
and only a few bees were afield. About five minutes after the 
beginning of the experiment a bee noticed one of the red boxes. 
She examined it carefully from all sides, found the entrance 



and entered. Soon after she entered, a heavy shower of rain 
began to fall and I took shelter under a tree. On my return 
(about fifteen minutes later) 1 found a large digger wasp in box 
number one and bees visiting red box number two. As long as 
that wasp remained in box number one, no bee would enter it. 
During the time that these boxes were under continuous observa¬ 
tion, fifteen bees visited red box number one and twenty-eight 
visited red box number two. Towards the close of this experi- 
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ment, some of the bees would fly into the tray without first 
alighting on the portico. Xot once was the green box visited 
by a bee. 

Experiment 27. — On my return after the rain mentioned in 
experiment 26 , a watch-glass , sci'cn centimeters in diameter , con¬ 
taining honey , was placed on the ground within a foot of the weed in 
which the boxes mentioned in experiment 26 were located. It was 
left uncovered; but , on such a cloudy afternoon , it was not conspicu¬ 
ous. 

During the time that 1 was watching experiment 26, no atten¬ 
tion was paid to the watch- 
glass. At the close of that 
experiment the watch-glass 
was observed continuously 
for ten minutes. During 
that time not a single bee \ is- 
ited the watch-glass. Since 
tin* trip 11> the hive required 
less than live minutes, any 
bee that had succeeded in 

finding this watch-glass full 
of honey would ha\e made 
at least one visit while 1 
was watching; hence it is log¬ 
ical to conclude that no bee had visited it. 

. 1 / this point rain caused a recess until eight A. d/., July 16. 
On leaving for home , all of the boxes were removed from the weeds 
and the watch-glass taken from the ground. 

Experiment 28. Side by side , in the same weed that has been 
the scat of the majority of these experiments, I placed two red experi¬ 
ment boxes; one contained honey and the other was empty. 

As soon as 1 appeared on the scene, the bees began to hover 
about me, and, before 1 could pin the red box w ith its supply of 
honey to the weed, a bee had entered its tray. In a few minutes 
so many bees were visiting the red box that contained the honey 
that it wans impossible to count them. Frequently bees would 
enter the empty red box, but they would not tarry long. 

Experiment 29. — In the open space between the experiment weed 
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and the hive , I arranged , on poles , aZw2</ ten centimeters apart , ///rcc 
red boxes containing honey , chc empty red box and one empty green 
box. The arrangement of the boxes in the group was altered once in 
ten minutes. 

These boxes were under continuous observation for about an 
hour. Immediately the bees began to visit the boxes that con¬ 
tained honey in such large numbers that it was impossible to 
count them. Occasionally a bee would enter the empty red box 
and frequently they would hover in front of the entrance to its 
tray. No bee entered the green box, although occasionally a 
bee would alight on its top and pause long enough to clean 
its legs on an edge of it, and frequently one would pause a 
moment before some portion of the box. Whenever the honey 
was exhausted from one of the trays, the number of visitors would 
drop off. Seldom would a bee pass through the entrance; fre¬ 
quently one would hover momentarily before the door and then 
pass on. As soon as I had replenished the honey, the bees would 
begin to revisit it. 

Experiment 30. —After the above experiment had been under 
way for an hour , all of the boxes were removed from the field , except 
the empty red and the empty green box of experiment 2Q. 

Immediately the bees began to enter the red box more frequently 
than they had hitherto; as soon as one got well inside, it would 
leave. After a lapse of a few minutes, the bees began to rush 
for the entrance in such large numbers that those that had en¬ 
tered and wanted to leave could not do so without a struggle. 
As a result the tray and the portico were crowded with struggling 
bees, and numerous others were hovering about the entrance, 
seeking admittance. 

At first no bees entered the green box, although many circled 
about it. After a lapse of ten minutes a few began to enter. 
During the period of observation, ten were noticed to enter it 
and leave immediately, and about twice that number were noticed 
to alight in the portico. 

Experiment 31. —Standing about three feet from the above boxes , 
/ held, in my hand , a red box containing honey. 

Immediately a few bees approached and entered the box. I 
held the box in my hand for about five minutes. Throughout 
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that period there were from one to four bees inside of the box 
all the time. 

Experiment 32.— Standing in the same place mentioned in ex¬ 
periment 31, I held an empty red box in my hand. This box had 
never contained honey. 

Several bees approached and hovered around the box, and two 
entered. 

Interpretation of the Experiments. 

Vision or smell or some combination of the two are instrumental 
in guiding injects to flowers. Lately some observers have sug¬ 
gested that vision plays no part in this behavior; indeed, it is 
claimed that it is not even olfactory perceptions, but odors acting 
reflexly that lead insects to flowers. No one who has made 
observation* for himself would think of claiming that smell plays 
no role in insect behavior; but, the experiments described above 
show conchiMX eh that odors, acting reflexly , do not lead bees 
to flowers. In localities where bees are not accustomed to obtain 
honey from anything but flowers, hone) may be placed on small 
discs (Ex. I, 17), or in open vessels Ex. 20 A and B. 27) and 
left exposed for a long time without being responded to by the 
bees. Bees, captured in bottles and turned loose upon discs that 
are well supplied with honey, will u>uull\ depart without paying 
any attention to tin* honey (Ex. 2 . If a flower upon which 
such a bee is foraging is so manipulated as to bring the bee in 
cl<>se proximity to the* lumey of one of those discs, she will usually 
depart without responding to either the honey or tin* disc (Ex. 
3, 4). It is incredible that an odor of honey too weak to attract 
bees a few millimeters off is able to entice them from several 
meters in the air. Then, too, each of my discs contained more than 
a thousand times as much honey as any one of those flowers 
did nectar, and the cornucopias that I used contained more than 
the discs; yet the bees passed by the feast of honey prepared 
for them to sip the meager supply of nectar stored in the neighbor¬ 
ing small flowers. Such behavior would be impossible if their 
movements were controlled by the honey-odor acting reflexly. 
To claim that the nectar of the flower has a greater attractive 
power than the honey would be illogical for: 1st, honey’ is con¬ 
centrated nectar; and 2nd, these same bees, after they’ have 
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learned to collect honey from objects other than flowers, will 
visit such objects as soon as they are attached to the support 
(Ex. 8, 19), at times they will even enter them while they are 
being attached to the support (Ex. 28), or they may even enter 
such an object while held in the hand (Ex. 31, 32). 

If a set of bees has become accustomed to collect honey 
from artifacts, and paper discs, arranged in pairs of one red 
and one blue (or discs of any other two colors) are scattered on 
weeds or placed on weed-high rods, and hone) is placed on the 
discs of one color and none placed on those of the other color, 
the bees will make regular visits to the color that bears the honey, 
but will not so respond to the other color (Ex. 8, 9, 10, 11). If 
these experiments are repeated, using cornucopias (Ex. 19) or 
boxes with small openings (Ex. 29) in place of the discs, the 
results will be the same. If bees have become accustomed to col¬ 
lect honey from an artifact of a certain color, and empty artifacts 
of the same kind and color arc placed along side of those that 
contain honey, many of the bees will enter those artifacts that 
never have contained honey; empty artifacts of a different color 
are not responded to in that manner (Ex. 23, 24, 28, 29). After 
bees have, for a long time, been collecting honey from artifacts 
of a certain color, if all the artifacts be removed from the field 
except two that never have contained honey, but one of which 
is the color of the artifacts from which the bees have been col¬ 
lecting honey, numerous bees will flock into the empty artifact 
of the same color as those from which the bees have been foraging; 
but none, or nearly none, will visit the other artifact (Ex. 25, 30). 
When bees have become accustomed to collecting honey from other 
sources than flowers, if receptacles of two different colors are 
placed on a bush, all of one color containing honey and all of 
the other color being empty, and if, after the bees have been busy 
for a long time, honey is placed in one of the artifacts of the color 
that has been empty all along, it will remain on the bush some 
time before it will be \isited by any bees (Ex. 12, 13, 21, 22). 
All of the facts recorded in this paragraph indicate that the be¬ 
havior of foraging bees is influenced by colors. 

That these bees not only respond to colors, but that they are 
capable of recognizing them at a distance is evidenced by the 
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following facts : (i) If, in an open space between their hive and 
a number of artifacts from which the bees arc collecting honey, 
you place an artifact of the same kind and color and supply it 
with honey, it will be visited by bees almost immediately (Ex. lS, 
29). (2) When bees are collecting honey from red artifacts situ¬ 

ated in two different stations, one of which is much nearer the 
hive than the other and beneath the line of llight of the bees 
collecting from the more distant station, if all of the artifacts 
are removed from the more distant station, immediately the 
number of visitors to the other station is much increased (Ex. 
18). This was the cast* even when the artifact in the nearer 
station did not contain honey (Ex. 30). Empty artifacts of 
another color than the honey-bearing color were not responded 
to in this manner (Ex. 30.). 

O11 lea\ing one of these artifacts the bee usually made an 
orienting llight. On the first few v isits this was thorotighlv done. 
Facing the artifact and keeping about one centimeter from its 
surface, she would sidle, in a zigzag line, around the structure 
two or more times and occasionally reenter it one or more times. 
Then she would describe one nr more spirals, pausing at certain 
places in the environment as though examining landmarks. In 
some of the eases 1 was, apparently one of the objects thus 
scrutinized. 1 n harnionv with her other behav inr, it seems plaus- 
bile to interpret this as an act bv which memorv pictures of the 
environment are formed. 

Mow minute are the derails that bees observe 1 am not pre¬ 
pared to say; but that thev do observ e details is indicated by the 
follow ing observations, (m In the boxes used in the experiments 
of Series IV., the travs of the boxes used were entered, from the 
portico, by means of an eccentric opening. In most of the boxes 
this doorway was rectangular, in others it was circular. When 
a bee first approached one of these boxes, she had to search for 
the entrance. After a few trips she would land on the portico 
directly in front of the entrance, and, in some cases, she would 
lly into the tray without even pausing on the portico. (2) For 
about an hour bees had been collecting honey from some red 
artifacts. It seemed that nearly all of the bees that visited that 
part of the field were collecting from those artifacts. Alongside 
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one of the red boxes I placed a red box on tlie sides and top of 
which I had pasted bits of white paper. This gave a box with 
red front and spotted sides. Into this box I placed some honey. 
The bees that approached this box from the front always entered 
immediately; the majority of those that approached the sides 
paused a moment, then went to the nearest red box. 

W hether this is a true color vision or simply a greyness dis¬ 
crimination is no easy question to answer; indeed, from our view¬ 
point, it does not seem an important one. If what to us is red 
and green appears to the bees as two distinct sensations, as a 
factor for controlling behavior, it will have the same value to 
the bee whether it is a red-green discrimination or a grev-grey 
discrimination. However, the following line of reasoning has 
led me to believe this a case of true color-vision. Bees that had 
learned to respond to red boxes in the shadow of the weeds would 
respond, without hesitation, to similar boxes placed in the sun¬ 
shine. They responded to the boxes when the sun was shining 
brightly just as readily as they did when a dark cloud hid the 
face of the sun. The brightness content of a body in the bright 
sunlight is quite unlike the brightness content of the same body 
when in the shadow of weeds; the brightness content of a body 
in the sunshine is quite unlike the brightness content of the 
same body beneath a cloudy sky. The only factor common to 
all of these cases is redness; hence I feel that, with the bees, it 
is a case of true color vision. 

Although odor as a incitive to reflex actions does not play any 
part in leading bees to flowers, yet odor as a sensation does. If 
a large number of bees are collecting honey from a cluster of 
boxes that are all of the same color and you allow the honey of 
some of those boxes to become practically exhausted while that 
in the others is constantly replenished, when the workers ap¬ 
proach the boxes that are practically exhausted, they, as a rule, 
do not pass inside; but, pausing momentarily before the box, 
pass on to one of those with an abundant store of honey. Re¬ 
plenish the empty tray with hone)', and the next bee that ap¬ 
proaches that box will enter (Ex. 29). This, to my mind, shows 
that when a bee approaches a box and finds the honey-odor weak 
she immediately departs for a box where the honey-odor is 
stronger. 
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These experiments prove that, to the bee, my colored discs, 
my colored cornucopias, and my colored boxes were something 
more than mere sensation**; it seems to me that they were true 
percepts. To the bees those things had acquired a meaning; 
those strange red things had come to mean “honey-bearers,” 
and those strange green things and strange blue things had come 
to mean “not-honey-bcarers.” Hence, whenever the bees saw 
the red tilings, they made the appropriate movements for securing 
the honey, and w hen they saw the blue things or the green things 
they passed on. 'This explains why, in the experiments of series 
one, discs six centimeters in diameter and well supplied with 
honey could remain in the presence of hundreds of bees without 
being responded to by them; and yet, those same bees, a few 
days later, when those things had acquired a meaning, would 
enter my red boxes e\en before I had had an opportunity to 
attach them to their supports. In their past experience those 
things had ne\er acquired a meaning, while the small blossoms 
of the mcliiotus had come to mean “honey-bearers”; hence they 
hastened by the feast that had been prepared for them and rushed 
for the meager supply of nectar in the blossoms of the white 
sweet clover. 

Although Plateau's conclusions are diametrically opposed to 
the results of this scries of investigations, yet the facts related 
by him are in accord with them. 

While proving that bees ha\e color-vision, these experiments 
throw no light upon the color preferences of insects. I hat has 
not been the purpose of these researches. 1 he aim has been to 
answer the question, tan bees distinguish colors.' 1 he experi¬ 
ments seem to demonstrate that foraging bees have percepts and 
that two factors which enter into those percepts are color sensa¬ 
tions and olfactory sensations. 

Scmmkk Huai School. Sr. Lot is, Mo.. 
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Budding and Fission in Heteromorphic Pieces and the 
Control of Polarity. 

HARRY BEAL TORREY. 

The large solitary hydroid Corymorpha exhibits the phenome¬ 
non of heteromorphosis in forms even more striking than those 
under which it appears in the related Tubularia . At the same 
time, its normal polarity is in several respects more obviously 
marked. As against a stem, in Tubularia , that presents little 
or no indication of axial differentiation, the column of Corymorpha 
is divided into several regions sharply characterized by differences 
in form, structure and function. Its diameter varies, being 
greatest near the base, which is enveloped, for about one third 
the total length, in a thin layer of perisarc. Beyond the edge 
of the latter, the naked ectoderm is thicker, its cells are more 
narrowly columnar, and there is a marked increase in the number 
of nematocysts. Within the perisarc is the zone of frustules, or 
rootlets, that form the holdfast and have been homologized with 
the stolonal processes of Tubularia , although they are far more 
specialized structures. The proximal extremity, conical in form, 
is furnished with an amoeboid ectoderm, by means of which the 
polyp creeps about. 

Not only in structure does one find evidence of regional dif¬ 
ferentiation, but in capacity for regeneration as well. A hy- 
dranth is replaced after section of the column, with a velocity that 
decreases with the distance from the distal end of the intact 
hydroid. The differences in velocity are so slight as to be ap¬ 
preciated with difficulty in the distal half of the column, but are 
easily recognizable in a comparison of rates of regeneration in 
distal and proximal thirds. Furthermore, heteromorphosis, 

Contribution 32 from the Laboratory of the Marine Biological Association of 
San Diego. Preceding numbers of the Biological Studies on Corymorpha have 
appeared as follows: I., C. palma and Environment, J. li. Z., 1 (1904), p. 395; 
II., The Development of C. palma from the Egg, Univ. Calif. Publ. Z00L, 3 (1907), 
p. 253; III., Regeneration of llyclranth and Holdfast, ibid., 6 (1910), p. 205. 
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though it may occur after section of the column even below the 
frustular zone, in the extreme basal region, is most frequent in 
pieces cut from the column in its distal half. 

At the very beginning of my observations on the regeneration 
of Corymorpha , I was struck with two facts: (1) that a segment 
from the distal half of the column and including the hydranth, 
does not develop a hydranth at the proximal end until the original 
hydranth is removed; (2) that when the original hydranth has 
been removed, the proximal hydranth develops, under normal 
conditions, more slowly than the distal—another indication, it 
may be mentioned, in passing, of the initial polarization of the 
column. 


These facts suggested the possibility that, by delaying the 
development of the distal hydranth on a regenerating piece until 
the proximal Indranth should 

*» 

have reached an advanced stage j 

. . a 

of development, the initial polar- d * K* 

ization might be completelv re- 
versed. Accordingly, in the ’ r 
summer of iqo 2, 1 performed the 
following experiment.* A ^eg- ? 

inent was cut from the distal half 


P 

d 


of an a\erage pol\p Fig. 1, A). 

It was then inverted, and the 
distal cut surface held against 
the glass bottom of the aquarium 
by the weight of a steel needle 
through the distal region (1 ig. 

1, B). The proximal end was 
free and the stem vertical. At 
the end of three days, a hydranth nourished at p , though there 
was sign neither of tentacles nor frustules at d. The needle was 
removed. Two days later a small hydranth had appeared at d 
(Fig. i, C),w ith three distal and four proximal tentacles, some¬ 
what irregularly arranged, probably ow ing to the wound left by 
the needle and to other adverse conditions to which that end 
may have been subjected when pressed against the substratum. 



A 8 C 

Fig. 1. 


1 All tlie regenerations noted in this paper occurred under starvation conditions. 
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It will be noted that while a distal hydranth failed to develop 
in contact with the substratum, it soon appeared when freed 
from this contact, in spite of the presence of the large promixal 
hydranth. On the supposition, however, that the result may 
not have fully indicated the real state of affairs in the hetero- 
morphic segment, the latter was sectioned at the level x. In two 
days frustules were appearing at p' ; the original polarity of this 
portion of the column was preserved. But frustules were also 
appearing at d' } and two days later, were unmistakably defined. 
In this latter region , therefore , the original polarity was reversed; 
on a segment of a given polyp , not only had hydranth appeared in the 
customary position of holdfast , hut holdfast had appeared in the cus¬ 
tomary position of hydranth. 

The outcome of this experiment recalls the reversal of polarity 
which Loeb later obtained in Tubularia crocea when, after ac¬ 
celerating the development of the proximal hydranth by inhibiting 
the development of the distal, he cut a segment just distal to the 
proximal hydranth and found that a proximal was now produced 
more rapidly than a distal hydranth. 1 Morgan and Stevens 
obtained a similar result on T. marina although the polarity of 
the stem was reversed for but a very short distance from the 
proximal end in this species. 2 


II. 

The suggestion, coming from the above experiment with Cory - 
morpha , that section of the column between the hvdranths merely 
disclosed a reversed polarity that already existed but was not, 
under the conditions, expressed in structural differentiation, led 
to a number of similar experiments which showed that the original 
result was in no sense exceptional. I will consider three series 
of these experiments. 

In the first, nine heteromorphic pieces were sectioned at dif¬ 
ferent levels to determine the extent to which each hydranth 
might control the intermediate region in regeneration. In no. i, 
the distal hydranth was removed by a cut immediately below it 

1 PJliigers Arch., 102 (1904), p. 152; trails, in Univ. Calif. Publ. Physiol., 1 
(1904). p. 151. 

V. E. Z., 1 (1904). P- 559 - 
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(Fig. 2, a); it was replaced by another hydranth that at the end 
of ten days was in the condition shown in Fig. 2, b. Xo. 2 was 
a similar cum?. In neither of these cases was reversal exhibited. 
No. 3 died. Xo. 4 is represented in Fig. 3, the proximal hydranth 
being much less developed than the distal, and the plane of section 
passing near but not immediately distal to it. In four days both 


_ \ 




I k.. 2. 


segments possessed frustules the proximal segment had, accord¬ 
ingly, reversed completely. Xo. 5 (Fig. 4) exhibited another case 
of complete reversal in the proximal segment; both segments 
were as shown in Fig. 5 at the end of five days. Xo. 6 was a 
similar case. Xo. 7, cut when in the condition shown in Fig. 6, 
appeared, five days later, as shown in Fig. 7. Xo. 8, a similar 
case, exhibited similarly a complete reversal in five clays. Xo. 9 
resembled Fig. 2, a\ but it was the smaller, proximal hydranth 
that was removed, by a cut immediately distal to it; in seven days 
a new hydranth was established in its place. 

According to these results, heteromorphic pieces produce hold¬ 
fasts at the wound when sectioned approximately midway between 
the hydranths, but produce hydranths at the wound on the longer 
pieces in those cases in which either hydranth has been removed 
by a cut immediately below' it. 
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The second series of experiments involved 14 beteromorphic 
pieces whose proportions and stage of development are represented 
in the accompanying diagrams (Fig. 8). These pieces were cut 
as indicated in the diagrams. Four days later, both parts of a, c , 




d , e,f, h, i , /, were attached and possessed frustules; the polarity 
of one of the pieces in each of these cases, accordingly, was com¬ 
pletely reversed. At the same time, both portions of b were 




regenerating as single polyps, one being attached and furnished 
with frustules, the other being unattached and lacking frustules. 
Under g, four beteromorphic pieces were grouped. Four days 
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after cutting, all were regenerating as single polyps, six being 
attached and [io>-»es>ing frustulo, two being unattached and lack¬ 
ing frustules. Both pieces of k were attached, three days after 



Fig. s. 


cutting, but owing to accidental neglect, disintegrated before 
forming frustules. 
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It should be noticed especially that all the heteromorphic 
pieces used in this series were short, and none were above medium 
diameter. In not a single case , under these conditions , did the 
polarity fail to reverse in one of the portions into which the hetero¬ 
morphic pieces were divided. 

The third series shows the importance of this consideration of 
length. Three heteromorphic pieces, absolutely and relatively 
much longer than those of the second series, one of them con¬ 
siderably larger than the other two, were sec¬ 
tioned as shown in Fig. 9. Five days after 
section, all six pieces were heteromorphic which 
indicated that in none of them, whether distal 
or proximal, was development at the wound 
dominated by the conditions, existing at the 
other end of the piece. 

The same fact is brought into clear relief 
by a comparison of the following figures. Of 
14 segments representing the distal half of the 
column of 14 polyps of moderate size, 12 were 
heteromorphic in 3 days. Of 81 very short 
segments from several small polyps, only 6, 
or 7.4 per cent., became heteromorphic. 
Further, of 13 segments of approximately 
the same length and diameter as the pieces 
obtained by cutting the heteromorphic pieces 
in scries 2, 8 became heteromorphic. Of 15 similar segments, 
10 became heteromorphic. 

Besides these figures, there is a mass of evidence, obtained by 
repeated experiments on large numbers of individuals, demon¬ 
strating that the presence of the original hydranth on a segment 
of the column inhibits the development of a proximal hydranth. 

It is clear, then, in the light of the facts cited in this section, 
(1) that reversals of polarity profound enough to effect entire seg¬ 
ments of the column as units are readily produced in Corymorpha; 
and (2) that the stage of differentiation at one end of a piece will 
under certain conditions control differentiation at the other end. 1 hat 
reversals of polarity, in cases of heteromorphosis, are often shown, 
by form changes, to affect considerable areas of the column, 
without aid from the knife, will appear in the following section. 
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III. 

As the first evidence in this direction I may refer at once to 
certain l -shaped figures formed from heteromorphic segments by 
the attachment of the latter to the bottom of the aquarium dish 
by means of adhesive ectoderm developed on one side of the 
column. Such a ca^e is shown in Fig. 10, which represents the 
condition of a segment sixteen days after its removal from the 
distal half of a column. A constriction defines the aboral limits 
of the regenerating polyps. Frustules are present in two groups, 



Fig. 10. 


roughly proportional in numbers to the sizes of the pol\ ps to 
which they belong, and situated in the position normally occupied 
by frustules in the adult. The smaller polyp approaches more 
closely to the proportions of the larva. On the following day, 
this process of fission had been completed, probably by rupture, 
although the proximal ends of the two polyps were then rounded 
and smooth without traces of such a process. 

Through my failure, after repeated attempts, to obtain many 
cases of fission of this sort, I found that a necessary element in 
the process was the adherence of the heteromorphic piece to the 
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substratum. I pointed out some years ago 1 that Corymorpha 
is negatively geotropic, even small fractions of the column re¬ 
acting with great definiteness. This tendency to bend away 
from the center of the earth can be effective, however, only when 
the reacting piece is properly anchored. Pieces free from the 



substratum never exhibit the reaction. As soon as they are at¬ 
tached, it appears; and U- and Y-shaped figures are formed when 
pieces are heteromorphic and the point of attachment is between 
the developing ends. 



Each Y-shaped figure is formed from a straight piece by the 
development of a protuberance that corresponds to the stem of 
the Y, and is terminally adhesive (Figs. 11, 12, in both of which 
the limbs of the Y have become much attenuated during the 
l J. E. Z. t 1 (1904), p. 395; Univ. Calif. Publ. Zool., 2 (1905), p. 335. 
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development). Such protuberances and V-shaped figures are 
found in nature only in the most exceptional cases, where they 
probably arise in response to the same conditions that bring 
them forth in the laboratory. To present these conditions with 
sufficient fullness, I must refer briefly to other abnormal forms 
that have often appeared in neglected aquaria. 

It was often difficult, in warm weather, in the absence of 
running water, to prevent the growth of bacteria in the dishes 
in which freshly collected polyps were placed. Tnder the in¬ 
fluence of fermentative changes induced by these conditions, the 
Indranths would cast their large proximal tentacles and medtisi- 
ferous peduncles, the distal tentacles would be absorbed, and the 
column would come rapidly to be surmounted by a more or less 
rounded mass of tissue that might show two or three knobby 
irregularities. The columns were affected in a much less degree 
if at all. In fact it is quite raw to a\oid these difficulties alto¬ 
gether b\ remo\ing the hydranths as soon as the pohps are col- 
letted. This fad is doubtless due to the relati\el\ large mass of 
protoplasm in, and the greater differentiation of the tissues of the 
hydrant Its. 

I’pon the reduction of the lndranths to the knobby masses 
just mentioned, and the removal of the debris composed of dis¬ 
integrating tentacles and medusa* with their peduncles, the 
bacteria would disappear, fermentathe processes would lead to 
the substitution, for the original Indranths, of various monstrous 
forms double Indranths, Indranths with double or triple 
probosces in \ar\ing degrees of independence, combinations of 
Indranths with varying numbers of probosces, etc. These phe¬ 
nomena indicated the breaking up of the original single physio¬ 
logical system into several, the first sign of this multiplication 
appearing in the irregular form of the terminal mass of tissue, 
hatch irregularity was the center of a budding process. And 
without laying any emphasis on the manner of its initiation, each 
budding process may be compared directly with the process by 
which the stem is produced in the V-shaped figures we have been 
considering. 

In one important respect these budding processes resemble each 
other; they stand, namely, for a certain disorganization (how 
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produced may, for the time, not detain us) in the original physio¬ 
logical system. In another respect they differ, in that they lead, 
in the one case, to a hydranth, or part of a hydranth, in the other 
to a holdfast. This difference is essentially an expression of the 
different conditions controlling their development, of which the 
influence of adjacent parts is the chief. The intimacy of this 
coordination is obviously a function of the physiological isolation 

of the parts concerned. It is a 
conspicuous fact that Y figures 
are formed almost invariably 
from short heteromorphic seg¬ 
ments; shrunken, starving, slow 
developing (Fig. 13, which shows 
eth beginning of a bud) pieces give an especially large proportion 
of them. Frequently that portion of a segment of the column 
which lies against the floor of the aquarium puts forth tentacles 
more slowly than the upper surface. This retardation in develop- 



Fig. 13. 



ment,due probably to diminished supply of oxygen next the sub¬ 
stratum, is accompanied by a bending of the segment by means of 
a contraction of the affected side. It is on the opposite, convex, 
aspect of the column that the bud develops (Fig. 14, in which 
tentacles and gonads are only partly drawn), not, therefore, in 
direct contact with the substratum. And it is significant that, 
with the rarest exceptions that are referable to exceptional con- 
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ditions, such buds arising on hetcromorphic pieces become 
holdfasts. 

These facts indicate that while the origin of the bud depends 
upon a degree of disorganization in the original physiological 
system, its fate depends upon a secondary physiological coordi¬ 
nation with the hydranths between which it develops. The bud 
acquires the distinctive character of a holdfast, namely, its adhe¬ 
siveness, independent of any influence of the substratum. Ithas 
been pointed out already that a hydranth at one end of a piece 
exercises a profound inllucnce upon the differentiation that may 
occur at the other end, depending on its own stage of development 
and its distance from that end. In the V figures, then, there is a 
developing region between the two hy¬ 
dranths whose differentiation is con¬ 
trolled to some extent by them. An 
interesting ease of the coordination of 
parts in a short piece developing as a 
Y figure, is represented in Fig. 15. A 
new axis at right angles to the original 
axis lias been established. And the 
orientation of gonads and tentacles—especially the latter—is 
clearly a resultant of the redistribution of forces correlated with 
that change. 

Fission may be considered as a special case of budding, depend¬ 
ing upon the length of the heterouiorphic piece involved. As the 
piece lengthens the tendency to bud vanishes, until the character¬ 
istic of adhesiveness alone remains. This indicates that the 
region between the two hydranths is still controlled by them, 
while the constriction and the fru>tulcs on either side of it (f ig. 
10) mark the increasing effectiveness of their independence—or 
of the systems of which they form important parts. 

It is only on hetcromorphic pieces of moderate length, however, 
that fission of this type has been observed. Just as it was from 
relatively short hetcromorphic pieces only that the reversals 
described in the previous section were obtained, the proximal 
elements of the longer pieces failing to produce holdfasts at the 
wound, so it has been only in the shorter hetcromorphic pieces 
that the column between the hydranths has shown any signs of 
budding, constriction or frustulc formation. 
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The longer pieces failed to differentiate in these directions, 
although attempts were made to encourage such developments, as 
follows: 

1. Nine long heteromorphic segments were held against the 
aquarium bottom by weighted glass needles laid across their 
middle. One was cut in two in two days; neither portion had 
developed frustules twenty-four hours later. One was cut in 
two in three days; both portions had aboral processes, but no 
frustules developed in the following twenty-four hours. Four 
escaped from their needles on the third day, and showed no change 
at the end of another day. One was almost cut through by the 
needle, and three processes were formed at the wound, but no 
frustules or adhesiveness at the end of another day. One re¬ 
mained under the needle unchanged for four days, when the exper¬ 
iment terminated with my departure from the laboratory. 

2. Discontinuity was produced by ligature on 16 long hetero¬ 
morphic pieces two days after regeneration had begun. In two 
days, 3 had broken into two parts. Two days later, 6 more had 
done so; the next day, 7 more. Seven days after the ligatures 
were applied, 2 had frustules at the ligatures. Both were con¬ 
tracted and opaque—signs of structural degradation; 3 possessed 
no frustules at the ligature; on the contrary, the proximal seg¬ 
ment of one possessed a hydranth there. All the other ligatured 
pieces had separated into two portions, 18 in all, of which but 4 
were attached aborally and possessed frustules. 

The first of these experiments serves to emphasize the feeble¬ 
ness of contact as a formative influence, while the second adds 
to the evidence that differentiation in the region between hetero¬ 
morphic hydranths depends in an important degree upon the 
distance between them, which other things equal, is an index of 
their control. 

That the longer pieces do not show signs of fission, then, is to 
be attributed, I believe, to the freedom of the intermediate region 
in each case from the effective control of the physiological systems 
on either side, that may be conceived as extending over it from 
opposite directions. Where these systems are near enough to¬ 
gether, a new compound system is created, of which a bud may 
form a part. W hen farther apart, their disharmony may appear 
in the phenomnea of fiisson. 
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These statements are obviously very general. Since all short 
heteromorphic pieces do not either bud or divide by process of 
fission, there must be a factor still undefined that determines the 
lack of uniformity. There is no doubt that external agencies 
can facilitate either budding or fission. Small wounds in the 
side of the column may lead to a variety of results, including 
Sporadic tentacles, and buds furnished with tentacles or frustules, 
or neither. In this connection two hetemmophic pieces, cut in 
the middle region, half way through the column, gave the fol¬ 
lowing results. On the longer piece, a narrow bud developed 
in four days at the wound, with neither frustules nor tentacles. 
On the shorter piece, frustules developed around a blunter bud 
at the wound, before attachment took place. In this case, the 
wound was sufficient to break up the original system existing 
at that point and initiate a new development. I he fact that 
frustules appeared shows the control of both hydranths on that 
development. 

Budding occurs, however, when there is no sign of local injury 
from w ithotit. Audit is difficult to account on this ground alone 
for the fact that the l.irge majority of buds arise approximately 
midway between the lndranths. To mv mind, far more signifi¬ 
cant is the fact that buds develop so often on pieces obviously in 
poor physiological condition {*enerally. It is then that tlu* physio¬ 
logical continuity of the piece through the transitional middle 
region might be expected to be especially affected bv disruptive 
tendencies springing from the antagonism of proximal and distal 
systems so obviously antagonistic in the fission shown in 1 ig. 
10. In that case, the canals are completely obliterated at the 
constriction and the tissue is opaque and apparently impover¬ 
ished. This constricted region is under tension, which probably' 
accounts in part for its form. The tension is produced by the 
active migration of the two polyps away from each other, in the 
manner of the opposite halv es of an anemone in process of fission 
by rupture. 1 The initial discontinuity is thus accentuated by the 
activities of the polyps themselves. 

‘Torrev, Uitiv. Calif. Pnbl. Zool 1 (,1904), p. 211. 
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IV. 

Discontinuity can be established experimentally not only by 
the knife, which entails a wound, but, as already indicated, by 
ligature, by the use of which a wound can be avoided and condi¬ 
tions obtained that more nearly approximate those described 
in the last section. 

This method has been used on Tubidaria by Driesch, Morgan, 
Loeb, and Morgan and Stevens, and results obtained which are 
of interest in the present connection. By ligating segments of 
the stem, not only is the production of aboral (proximal) hy- 
dranths assured, but accelerated; and only exceptionally, after 
much longer periods, is there any development at the ligature 
itself. Loeb succeeded in showing that the acceleration of the 
development of the aboral hydranth is an indication of reversed 
polarity that exhibits a certain stability in regeneration. This is 
in accord with what I had already observed in Corymorpha , 
where reversals of polarity accomplished without the aid of the 
ligature are even more marked. 

The experiments with ligatures have been repeated so many 
times on Tubidaria , that it is hardly necessary for me to refer at 
present to similar experiments of my own farther than to say 
that the ligature accelerated the development of the aboral but 
not of the oral hydranth, and in no case was there any develop¬ 
ment at the ligature, on either side of it. 

In Corymorpha , as in Tubidaria , ligatures accelerate the velocity 
of development at the proximal ends of segments of the column. The 
fact does not stand out with such dramatic clearness, however, 
partly because there is greater individual variation in rate of 
regeneration, partly because the time intervening between the 
appearance of distal and proximal hydranths is much shorter. 
That such an acceleration occurs can be shown by an experiment 
like the following: Segments about 2 cm. long were cut from the 
distal half of 20 polyps, a ligature being passed tightly around 
each near its distal end. Segments of similar length were cut 
from the distal halves of 21 polyps of similar size; these were not 
ligatured. All were placed together in the same dish. In 28 
hours, there were signs of proximal hydranths on 13 ligatured 
segments, and 14 on non-ligatured segments. The condition of 
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affairs at the end of 56 hours is shown in the following table, in 
which the serial numbers represent stages in the development 
arbitrarily selected for purposes of classification. Under each 
of these appears the number (1) of proximal hydranths in that 
stage of development on the ligatured segments, (2) of proximal 
hydranths on non-ligatured segments, and (3) of distal hydranths 
on non-ligatured segments. 


'Table I. 

Dev. ta«es.. .1 2 3 4 5 6 7 Total*. 

1. Li«. (pr.) . . . 0535511 20 

2. Kon-lig. (pr.) .. 4456110 21 

3 " •li'-t ) • . 3 2 8 4 1 2 1 21 


In spite of the individual \ariation represented by these figures, 
they shoit. a tendency in the proximal ends to drcelop hydranths some¬ 
what more rapidly on the ligatured segments, and almost as rapidly 
on the latter as the distal hydranths on non-ligatured segments. 

V. 

Although Corymorpha responds proximnlly like Tubularia when 
segments of the column are ligatured as abo\e, there is an im¬ 
portant difference in its respoiise.il 
the ligature, namely, in the rapidity 
with which hydranths are formed 
immediately below it. In Tubu¬ 
laria , a hydranlh very rnrek ap¬ 
pears immediately below the- liga¬ 
ture, and then only after the lapse 
of many days. In Corymorpha , 
on the contrary, hydranths form 
readily and frequently in this 
position. 

That a hydranth should arise 
immediately below a ligature in 
Corymorpha might be anticipated 
from the occasional occurrence of 
such monsters as that shown in 
Fig. lb, which represents a re¬ 
generating segment of the column. 

'The proximal hydranth (below the Jangle) is not so far along as 


/ 



Fig. 16. 
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the distal hydranth, and has apparently developed later, below 
an interruption in the physiological continuity of the column 
comparable with what a ligature might produce. In fact, just 
such cases have been produced experimentally several times. 
A typical experiment may be recorded, showing incidentally the 
difficulties that made the number of positive cases so small. 

The column of Corymorpha is very mobile, capable of con¬ 
siderable changes in length and bulk, and its tissues are very 
delicate and easily ruptured. So it has been difficult to make 
ligatures tight enough to interrupt the currents in the canals, 
as well as possible diffusions through the axial cells, without so 
weakening the column as to lead to complete rupture in two or 
three days. This has been accomplished, however, in a number 
of cases sufficient for the present purpose. 

Experiment i. 

April 29, 1910, 3.30 P. M. Sectioned 20 polyps of similar size, 
about midway of the column, and ligated each just below 
wound, leaving a small segment of tissue above the ligature. 
May 1, 9.30 A. M. Four stumps removed, ligature having come 
away with terminal button of tissue. 

May 2, 5 P. M. Thirteen more removed for similar reason. 
There are hydranths on these stumps that seem to be too far 
along, under the conditions, for 31 H hours (i. e. t assuming 
the separation to have occurred immediately after the previous 
survey of them, which is not probable). 

Of the remaining 3, 2 show nothing below the ligature, 
while the third appears as in the semi-diagrammatic. Fig. 17, 
which bears a striking resemblance to Fig. 16. 

May 3, 9.45 A. M. The two hydranths of Fig. 17 have fallen 
apart. 

May 4, 10.00 A. M. Of the 2 stumps showing no development 
below the ligature of May 2, one (a) has now budded a set of 
tentacles just below the ligature; the other (b) as before. 

May 6. The tentacles of (a) are larger. 

May 9. Still no change in ( b ). Exp. abandoned. 

In a second experiment, 6 columns were tied as indicated in 
the diagram (Fig. 18, a), after removal of hydranth. 
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Experiment 2. 

April 7, 3.00 P. M. Hydranths removed and columns tied. 
April 8, 1.00 P. M. ( a) Distal ligature and tip fragment (1) 
broken away in 2 cases. ( b ) The three segments have sepa¬ 
rated in 1 case, (c) 3 cases in original condition. 





Kit.. 18. 


April <), 2.00 P. M. (<;) 1 ir^t case. Distal hydranlh appearing 
on seg. 2, also on seg. 3 but not so far along. Second case. 
Distal hydranth appearing on seg. 2; not apparent on seg. 3, 
(b) —. (r) First case. The segments have separated while 

under observation. There are signs of a very slight rupture, 
and indications of tentacles on seg. 2 distally. Second case. 
The segments separated at 10.00 A. M. Seg. 2 shows signs of 
tentacles at both ends. In seg. 3, tentacles are being shadowed 
forth distallv. Third case. The segments have separated, 
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seg. 2 showing faint signs of tentacles distally; seg. 3 in poor 
shape, removed. 

April io, 9.00 A. M. (a) First case. See Fig. 18, b. Note 
tentacles appearing just below ligature. Second case. Similar 
to first case; tentacles on seg. 3 not quite so far advanced. 
April 11, 2.15 P. j\I. (a) Segments in both cases broken apart; 
exp. abandoned. 

Of the six cases considered in this experiment, three show 
development of hydranths immediately below the ligature. 

In a third experiment, the hydranth was removed from a polyp 
and the column ligatured near the cut and near the base. In 
three days, tentacles had budded just proximal to the distal 
ligature, as well as on the small distal segment. The next day, 
the latter was loosely joined to the segment proximal to it; both 
segments possessed hydranths with both sets of tentacles. 

These results show that hydranths form readily immediately 
below the ligature in experiments like the foregoing. 

VI. 

The failure of Tubularia in such experiments to form a hy¬ 
dranth immediately below the ligature with the facility exhibited 
by Corymorpha is correlated with an important structural dif¬ 
ference. The stem of Tubularia is encased in a stiff, chitinous 
layer of perisarc, that offers a certain barrier to the diffusion of 
gases between coenosarc and the surrounding medium. The 
column of Corymorpha , furnished with a thin, rudimentary peri¬ 
sarc about its base, is naked for more than half its distal length; 
in this naked distal region, the ligatures were in all cases located. 

W hen a ligature is passed tightly around a stem of Tubularia , 
the coenosarc is not only ruptured, but the perisarc, itself intact 
in most cases, is drawn closely about each end of the coenosarc 
thus produced. The result is that, while discontinuity has been 
established, the coenosarc remains, as before, separated by the 
perisarc from the surrounding medium, WTien a ligature is 
passed tightly around a column of Corymorpha , discontinuity is 
established without in any way interfering in a comparable de¬ 
gree, if at all, with the diffusion of gases between coenosarc and 
sea water. Now, when it is remembered that a discontinuity 
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brought about by a knife in Tubularia leads promptly to regenera¬ 
tion at the wound, the fact suggests that Tubularia develops with 
greater difficulty than Connyorpha at the ligature because the 
ccenosarc receives a smaller supply of oxygen in that region. 

This view was tested by the following experiment, in which 
the factor of contact, which tends to inhibit development orally 
in Corymorpha , was eliminated. 

Fifteen pieces, each about 2 cm. long, were cut from fifteen 
Tubularia stems of similar size and condition, just below the 
hydranth. The distal end of each was inserted in a capillary 
glass tube (closed at one end by a paraffine plug) into which it 
fitted easily, without terminal contact, except with a suiall quan¬ 
tity of sea water; the proximal end was free. As a control, 16 
similar pieces were cut, both ends remaining free. 

Forts-fi\e hours later, the pieces in the tubes had developed 
nine Indranths on the outer (proximal) ends, nothing on the 
inner ends. In the control, though fifteen of the sixteen pieces 
possessed dist.il Indranihs, no proximal hydranths were visible. 

Twenty-five hours Liter still, all the pieces in the tubes pos¬ 
sessed proximal hydranths; nothing had developed on the inner 
(distal) ends In the control, only eight proximal hydranths 
were present. 

Removed now from the tubes, all the pieces rapidly produced 
normal hylranths distal I >*. 

This experiment seems to establish (l) that the failure of Tubu¬ 
laria stems to form hydranths, when ligatured, immediately below 
the ligature, is due to lack of oxygen ; (2) that encasing the cut 
distal end of a stem iti a glass cap leads to the same acceleration of 
development of the proximal hydranth as does the presence of a 
ligature; and (3) that accordingly, such acceleration is due to the 
inhibition of the development of the distal hydranth in the absence of 
an adequate supply of oxygen, rather than to an interruption of or 
other change in the course of the circulation in the canals. The 
circulation is merely a transportation system, carrying substances 
favoring development that are removed from the stream by those 
tissues especially that have free access to oxygen, that is, by the 
tissues at the open ends of the perisarcal tube. The possibility 
that oxygen might play such a role in this process of selection 
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was suggested by Loch, 1 though in a somewhat different form in 
connection with a discussion of the function of the red pigment 
granules of the circulation. 

The acceleration of proximal development in ligated pieces of 
Corymorpha is connected, not so much with any effect the ligature 
may have upon the supply of oxygen to the neighboring tissues, 
as with the inhibitory factors of contact and necrotic change that 
it introduces. The same factors may play a certain part in the 
inhibitory effect of the ligature in Tubularia also. 

It will be remembered that if a piece of Tubularia or Cory¬ 
morpha is ligated in the middle, development at the distal wound 
does not exhibit the acceleration characteristic of development at 
the proximal wound. This difference is to be explained, I believe, 
in the following way. Inhibition of development at the ligature 
on its proximal side hinders the utilization of a certain quantity 
of substances that would be used up proximally were the ligature 
not present. That the availability of this material for the distal 
end docs not obviously accelerate the development distally is 
due, probably, to the initial acceleration of the distal over the 
proximal development in the absence of the ligature, that is, 
under conditions of active competition with the proximal end. 

VII. 

The considerations in the foregoing sections lead to the con¬ 
clusion that the polarity of Corymorpha , of which the initial ac¬ 
celeration just mentioned is one expression, is a product of con. 
ditions under which the organism develops, changing as they 
change; that it is essentially but an inclusive designation for 
certain phenomena that depend upon both internal and external 
conditions, all of which can be experimentally controlled. The 
internal conditions appear in the effect of the continuity of tissue 
in an intact stem, and the presence of the original hydranth on a 
segment of stem, both inhibiting the development of a hydranth. 
The external conditions are represented by oxygen, contact, and 
necrotic changes such as are produced by ligatures. The first is 
necessary to all development while the others inhibit the develop¬ 
ment of the hydranth. 


x Loc. cit. 
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With the exception of the third, these are conditions that 
govern the development, whether embyronic or regenerative and 
they are just the conditions by whose manipulation the original 
polarity of the column can be reversed. Since such reversal 
depends upon an acceleration of proximal relative to distal devel¬ 
opment, it would seem reasonable to suspect that a local accelera¬ 
tion in the development of the embryo might be the efficient 
cause of the initial polarity in the individual. 

Such a local growth area appears in the embryo at the point 
which first leaves the egg ca>e and thereupon defines the oral 
extremity. 1 This extremiu may emerge at any point not ad¬ 
herent to the substratum; which qualification indicates that con¬ 
tact limits to a considerable extent the area in which the oral 
pole must appear. Since the egg case is a certain barrier to the 
diffusion of ox\gen into the egg it is posable that variation in its 
thickness may be an important factor in determining the position 
of the oral pole in this area. 
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BIOLOGY OF THE SHAWNEE CAVE SPIDERS. 

NORMAN E. MclNDOO. 

General Introduction. 

From September 7, 1908, to September 7, 1909, the author 
hold the Spele0toj4ir.il Fellowship in Indiana Fniversity with 
residence at the l niverdty’s Gave Farm three miles east of 
Mitchell, Ind The present paper embodies the results of the 
observations during this time on the habits of spiders in eaves 
and in the laboratory. 

The work has been carried on under the direction of Dr. 
C. II. Eigenmann, professor of zoology in Indiana Fniversity, 
to whom I am indebted lor suggestions and the loan of his cave 
literature. I wish to express my thanks to Dr. (diaries Zeleny, 
associate professor of /oology, for many helpful suggestions. 

I am indebted to Dr. Alexander Petrunkevitch for the identifi¬ 
cation of the specimens; to Dr. A. M. Bantu, for tin* loan of his 
entire collection of ca\c spiders, and to Mr. Will Scott, for 
part of the map of this series of ca\es. I le surveyed and mapjxM 
the cave from “F to "37” or the I'ppcr Dalton (see map, page 
321) in the autumn of 1907; the author assisted by Mr. Frank 
Green surveyed and mapped the Fppor Dalton from "37*' to 
“64” in October, 190S. 

Prk viol's Work. 

Published observations on the habits of cave spiders are 
limited to a few scattered papers which give lists of species and 
localities. 1 The best studies published are those of Packard 2 
and Banta. 3 

'Banks ('06) and Blalchley (*96) give lisLs of Arachnids from Indiana Caves. 

‘ Mem. Xat. .1 cad. Set., IV., iSSS. 

’"Fauna ol Mayfield's Cave," 1907. 

3 ( '3 
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The Species Studied. 

Two species of spiders permanently live in the Mitchell caves. 
One, Troglohyphantcs (Willibalda) cavernicola Keyserling, a 
linyphid 1 is a true cave form; the other, Meta menardi Latreille, 
is an epciridid and also lives outside of caves. According to 
Emerton (1902, 190-) the latter arachnid “lives in caves and simi¬ 
lar cool and shady places in various parts of this country and 
also in Europe.” 

Banta (1907, 65) reports Erigone infcrnaUs Key. from the 
Twin Cave at Mitchell, Ind. I have been unable to find it 
here, but have taken it in Mayfield’s Cave at Bloomington, Ind. 

Troglohyphantcs has been observed in detail in order to get 
as far as possible the life history of a typical cave spider. The 
distribution, food and results of the experiments of Meta are 
given in order to show how an outside form is able to adapt 
itself to a subterranean life. All notes unless otherwise stated 
refer to Troglohyphantcs . The numbers in quotation marks 
refer to localities in the caves (see maps, pages 321 and 323). 

In Troglohyphantcs there are all degrees of differences in 
coloration, and in the degeneration of the eyes. The abdomen 
varies in color from black, dark brown, light to white. The 
cephalothorax varies from dark, pinkish, light to a white color. 
The most common combination of colors is a light brown ab¬ 
domen with a pinkish cephalothorax. The adult females range 
in length (cephalothorax and abdomen) from 2.4 mm. to 3.7 mm., 
while the adult males vary from 2.2 mm. to 3 mm. 

In the adults the eyes range from eight in number, each with 
a maximum size of 0.036 mm. in diameter to no external signs 
of eyes. I have not seen Keyserling’s description, but from his 
figure, which Packard 2 has copied, the eyes are small, and the 
front middle ones extremely minute. 

Physical Environment. 

These spiders are found only in total darkness, where the 
atmosphere is saturated, and in places suitable for the construc¬ 
tion of snares. They are never found where the walls are per¬ 
pendicular with water covering the entire lloor; nor are they 

! Banks, ’06, classification. 

2 i888, Plate XV., Fig. 32 . 
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found where the walls and floor are dry. Distance from the 
entrance does not necessarily limit the distribution if the three 
necessary conditions are present, nor does scarcity of food limit 
their distribution to a very great degree. 

At “2” a few were collected last fall but none has been found 
since. This is 200 feet from the entrance in total darkness. 
At “9” a few more than at “2” have been found; at “10” a great 
many have been taken and “13” was my best collecting ground. 
This place is 600 feet from the mouth. On several occasions 
I have gathered two or three dozen individuals here and such 
wholesale collecting at one place seemed at the time to exhaust 
the supply, but a month after such a collection had been made, 

I have been able to duplicate this record. Many havi^ been 
collected at "14” and at “19.” The latter locality is the “Big 
Room,” 1,700 feet from the entrance. Three were seen at “23” 
and only a few were* observed in a brunch at “31.” This latter 
place is in total darkness 200 feet from tin* mouth of the Lower 
Twin Cave at ”32.” Not one has been obser\ed between 
“33” and “ t V>.” A few have been collected in a branch at “38” 
in the Cpper Dalton. This location is in total darkness 150 feet 
from the entrance. A number were taken from branches at 
”40” which is 1,024 feet from the entrance. This loealitv was 
my second IkM collecting ground, particularly for the cocoons. 
A few were taken at ”30.” One was caught in the “Big Room” 
at “57” and several snares were seen. At “(33” almost a mile 
from the entrance of Cppi r Dalton, three were observed and 
several webs were among the rocks at a “cave-in.” 

Troglohyphatitcs is a No quite abundant in Hamer’s Cave 
one half mile west of these caves. None was found nearer than 
300 feet from tin* entrance. 

This archnid shares as wide a distribution as the blind beetle, 
Anophthalmus ten us Horn (Blatchley, ’96). It far outnumbers 
the latter in individuals, but is less evenly distributed. By 
actual count there are twice as main* females as males in all 
the collections made from the various caves. 

Meta is found both in twilight and total darkness. In the 
Shawnee Cave they are quite abundant from the entrance at 
“1” to “4.” The latter place is over 200 feet from the entrance 
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in total darkness. Several were seen at “6,” ioo feet from the 
mouth. An adult male was observed on the roof at “14”; nine 
days later, it was seen under a rock on the floor and had con¬ 
structed a snare. One immature specimen was seen in a branch 
at “23.” At “30,” 200 feet from the entrance of Lower Twin, 
a few live, and at “32” and “33” they are quite numerous. 

May 17, 1 collected eighteen Metas and placed them on the 
north wall by a large pile of rocks at “19” in the “Big Room.” 
August 3, I saw six of them. They had scattered along the wall 
about 50 feet and among the rock pile. Each had built an orb- 
web and remains of small diptera were seen in the snares. August 
17, after a brief search I saw only three of the eighteen. This 
absence does not mean that they had died, but that it was im¬ 
possible to find them. 

Locomotion. 

This arachnid is very agile and is a good runner. Its long 
legs and slender body enable it to move from place to place, 
and to avoid an obstacle with much ease. When not irritated 
it moves along slowly and gently. W hen stimulated mechan¬ 
ically, it gives a quick jump, runs and dodges whatever obstacle 
may be in its way. However, it runs only a few inches and if 
stimulated a second or third time often drops in an instant and 
hangs to its web. Sometimes it climbs the web to the place 
from which it dropped, at other times it lets itself down to the 
floor and then runs off. 

Several were placed on the roof among beads of water and other 
small obstacles. A pencil was used to stimulate and guide them 
so that they were obliged to run up against the obstacles. They 
use the first pair of legs as feelers. These are kept well in advance 
of the other legs and head so that they can detect an object in 
front of them the length of the body. W 7 hile walking or running 
slowly, they are able to dodge an object every time. If caused 
to run swiftly, they run against the object, or if the object be 
a low bead of water, they run over it and pass on. 

We ns and Snare. 

This spider usually spins a web wherever it goes. It is im¬ 
possible to see a single thread in the cave with a carbide bicycle 
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lamp unless the thread is coated with water. Quite often on 
the roof in a slit between two strata of rocks, or in crevices fn 
the walls are found collections of webs which are generally coated 
with water. These webs do not seem to be of any service to 
the spider after once spun. They, however, show how it wanders 
from place to place. It makes a Hat sheet-like snare under 
which it lives. The snare is slightly curved downward and may 
lie in such a position a> to form any angle between o° and qo° 
with the Hoor. The threads are fine and the snare so transparent 
that it is difficult to <ee unless it is coated with water. The 
meshes are so minute that the snare turns water. The snare is 
supported by many fine threads from the sides, the length of 
these \ ary according to the surroundings. W hen insects Hv 
into tin* snare they tire taken through it by the spider which is 
on the under side. 

Snares .ire most abundant in the older parts of the caves 
where the passage* .ire blocked up with ela\. At Mich places the 
clay banks are more or k ss perpendicular and the water has 
washed out main small cretins. Nmietimes large blocks of 
clay tumble dow n into a heap. Among these heaps of day blocks 
and in stu h cre\ in s as tin* ab<»\e the snares are \ cry numerous. 
In a crevice live inches wide 1 once mw three snares built one 
abo\e the other not more than three inches apart. All three 
were parallel with the Hoor. 

In seseral placrs snares are cjuite mnspicuous in the angle 
between the floor and wall. In such |>ositions the spiders have 
better routes for tr.nel from one snare to another than in the 
day banks. 

The third place where snares arc found is among the rocks at 
“cave-ins." The rough cornered rocks appear to form good places 
for attachment and quite frequently dripping water is present 
which this species apparently enjoy s. 

Food. 

W hile in captivity I have fed them small gnats, small Hies 
and the spiderlings of Meta. 

In the caves the following observations were made: At '‘13" 
while watching a male who was trying to court a female I saw 
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a white-winged dipteron fly into the snare. In an instant the 
female seized the insect, then ran back to the male. The latter 
then ran to the other side of the snare. In a few minutes another 
white-winged dipteron flew into the snare near the male, and he 
lost no time in seizing it. Several other times these diptera 
flew against the snare but failed to be entangled in its meshes. 
In each case the spiders made a dash for the would-be victim 
while holding one insect in their mandibles. At an earlier date 
a spider at this same place was seen eating a white-winged dip¬ 
teron. On various dates at “14” one was caught eating a 
myriopod; one, a small gnat; and several were caught under an 
old turtle's shell with thysanurans. 1 At “19” two or three were 
observed in a mouse trap with some cheese. At “40” one was 
caught under an old piece of meat with a small white thysanuran 
in its mandibles. At “43” one was eating a white-winged 
dipteron, this spider was running on the wall. At “50” one 
was seen in its snare eating a small myriopod. 

This spider is usually very peaceful. Neither in the caves 
nor in captivity have I ever seen them to show the least signs 
of pugnacity when they came in contact with each other. Never¬ 
theless it appears certain that they at times eat each other. A 
few times their remains have been found in the snares. A few 
remains were observed in the glass cases in which they were 
sometimes kept in the laboratory. Quite a number of times 
remains were found in the collecting vials the next morning when 
three or four were left in the same vial over night. 

When bits of dirt were thrown into the snares, the spiders 
ran away quickly. Blind beetles were caught and tossed into 
the snares. At the instant when the beetles struck the snare, 
the spiders ran and with a jump seized the victim. Neither the 
web, nor spider, nor both together were strong enough to hold 
the beetle. Large flies were also thrown into the snare with 
the same results. The spiders always seized their prey and held 
on tenaciously until the last second. Small flies and mosquitoes 
were likewise tossed into the snares. In each case the spider 
made a quick run and with a jump seized the victims and held 

5 Here as elsewhere used in broad sense to include both Thysanura and Collem - 
bola. 
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on so firmly that both prey and spider were torn loose from the 
web by picking the prey up with forceps. 

Not one specimen lias even been seen drinking water. Since 
they always live in a saturated atmosphere all the water required 
is probably absorbed through the skin. 

In captivity I have fed Meta flies, mosquitoes, gnats and 
various species of other arachnids smaller than themselves. 
W hen two or more of them are placed in the same case the largest 
invariably devours all the others in a short time. 

In the caves Melas have been observed at various localities 
eating gnats, mosquitoes, flies and cave cricket*. One was 
seen eating a small moth and another an old dried myriopod. 

Enemies. 

As far as my observations go, these spiders have no enemies 
besides themselves. It F very seldom that one can find the 
remains of a specimen in the webs and as mentioned above no case 
of fighting has ever been \\ it licked. At ”03” almost a mile 
from the entrance the onlv other insect found was the blind 
beetle. ! )oubtless < archill) repealed observations at this locality 
will prove that other injects are abo present. 

Tempi k \ti ke. 

During the last three vears a series of temperature records 1 
have been taken at "to,” or in tlu* “Rig Room.” For 11)07 the 
temperature is as follows: 1 l .5 (\ for January, February, March, 
April ami May; June 11.7°: July n.q°; August and September 
12.7 0 ; October 12.2 ; November and December 11-7°. 

Since food is more abundant and the three necessary physical 
conditions are* evidentU suitable* at “2,” “q” anil “38,” we can 
probably attribute the small number of specimens to the uneven 
temperature. Again, since food is extremely scarce a half mile 
from the entrance while the number of specimens is few, perhaps 
the small number of spielers is due to the scarcity of food. Mid- 
wav* between these two localities food is comparatively plentiful, 
the temperature is practically even throughout the year, and 
this combination is probably responsible for the great number of 
individuals. 

‘Eiuonmann, ’09. 
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Specimens have been kept in captivity in the laboratory 
throughout the year. In cold weather they are less active than 
in warm and are very fretful when the vials become too warm, 
and often die. 

Courtship. 1 

November 16 two were seen copulating. In order to see 
them I got too close and my breath irritated the web. This 
caused them to separate. After an absence of five minutes I 
returned and found them together again. A second time they 
were disturbed. Returning after an absence of fifteen minutes, 
they were found close together. While copulating, they were 
lying one under the other with anterior and posterior ends re¬ 
versed and with the ventral parts of their cephalothorax in 
contact. November 19, a pair was seen pairing. December 17, 
two were observed copulating, these were both under the snare, 
and the anterior and posterior ends of the cephalothorax were 
reversed. The dorsal surface of the cephalothorax of the male 
was pressed against the corresponding ventral part of the female. 
The male placed his palp on the epigynum once, this lasted only 
a few seconds, then they parted. December 14 and 22, two 
couples were seen copulating. Those on the latter date were first 
seen at 2:25 P.M. and then disturbed by breath. At 2:27 they 
were together again after the male had circled once around the 
female. This pair was on top of the horizontal snare all the time. 
The male used his palps alternatively three times in three minutes, 
each time lasted only a few seconds. They were disturbed at 
2:30. January 4, two were observed copulating June 7, a 
male was seen courting a female. Both were under the snare 
within one and one-half inches of each other. They were first 
seen at 3:45 P.M. When the male tried to advance toward the 
female, she caused him to keep his distance, the result of which 
caused the male to circle completely around her clockwise in 
six minutes. Most of the time she kept the posterior end of 
her abdomen toward him, while he had his head facing her all 
the time. At 4:00 1 left them and a half hour later upon my 
return they were still in the same position. They were placed 
in a vial, taken to the house and were put in a case. I11 this 

’McCook, ’93, describes only courtship of outside forms. 
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case they lived two weeks where they died. This pair like all 
others when in captivity had no inclination to mate. 

Co cooxs and Eggs. 1 

One cocoon was made in a glass case October 4. It contained 
six eggs. Another was made in a case December 11. January 

21, one with five eggs was constructed in a vial. Other cocoons 
were made in vials on the following dates: April 28; May 5, 8, 

22, 27 and 31 ; June 3, 25 and 28; July 8 and 27; August 6, 19 
and 2t. 

On the following dates cocoons with eggs were collected in 
the caves: October 8, one with two eggs; one with eight eggs, 
January 20; January 20, one containing eight newly hatched 
spiders and one with seven eggs; another with seven eggs March 
2; March 16, two cocoon* f one with eggs and the other with 
newly hatched; May 24, one with four eggs; July 2, one with 
four eggs; July 19. .it various localities collected seven cocoons, 
one of which contained eight eggs, and two others each held 
four young, at various localities in l pper Dalton August 22 
collected seven cocoons. Some of these contained young just 
hatched, and others young ready to leave the cocoons. 

The cocoons in the caves are usually constructed in secluded 
places and are difficult to tine I unless one examines every little 
crevice and looks under t lie ledges of rocks very'carefully . Some¬ 
times they are found attached to the underside of rocks lying 
on the floor, but more often under little ledges of rocks and in 
the acute angles of small crevices. 

In color they .ire snow white and are disc-like in shape. The 
Hat part of the disc is fastened firmly to the rocks. The average 
si/e is 6 nun. in diameter by 3 mm. in depth, although sometimes 
a cocoon containing the minimum number of eggs is as large as 
one containing the maximum number. I have never been 
fortunate enough to witness a female making her cocoon, but 
on examination, a coocon is composed of a more or less firm and 
closely' woven circular base. The eggs are piled into a heap in 
the middle of this base and then the convex part is spun over 
them in such a crude and unsubstantial way' that one can gener¬ 
ally' count the eggs through this covering. In detaching the 

‘Montgomery. *06, describes the cocoons and eggs of an allied ouGide form. 
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cocoon from the rock one must use precaution for fear the eggs 
fall through the covering. 

In number the eggs vary from two to eight with five for an 
average cocoon. They are transparent whitish in color and 
are perfect spheres with an average diameter of 0.6 mm. During 
the embryological stages, they soon take on a yellowish color, 
become oblong in shape, and the outline of the embryos is dis¬ 
cernible through the covering. Some of these embryos assume 
the shape of the profile of a man’s head. 

Young. 

When hatched they remain for an indefinite period inside the 
cocoon and when strong enough emerge through a small circular 
hole. 

March 22, three of the seven eggs in a cocoon collected March 2, 
hatched; April 3, two of these spiderlings were dead, they with 
the remaining eggs were covered with mold. June 4, two of the 
four eggs in a cocoon collected May 24, were hatched, one spider- 
ling was dead and the other alive on this date. Neither one had 
any eyes. July 29, a cocoon collected July 19, was examined and 
contained three young. Each one was examined both alive 
and dead. All eyes, except the anterior middle ones, were dis¬ 
cernible. Female no. 139 made a cocoon and laid four eggs 
May 5. On May 23 all four eggs were hatched, but the young 
were still inside the cocoon. Each spiderling had all eight eyes 
except the anterior middle ones. The eyes had a uniform diam¬ 
eter of 0.018 mm. While alive under the microscope their little 
eyes shone like small electric lights. Their mother had no signs 
of external eyes. Many other newly hatched spiderlings were 
observed both alive and dead. The anterior middle eyes are 
never discernible. In some, the other six eyes are present and 
in others no eyes can be seen. All the other eggs laid in the 
laboratory failed to hatch. Perhaps this was due to uneven 
temperature. 

The young are much thicker-set than the old. The legs are 
thick and stubby. The cephalothorax and legs are transparent 
whitish while the abdomen is light cream in color. The latter 
has a few longitudinal rows of hairs. The length varies from 
0.6 to 0.8 mm. 


BIOLOGY OF THE SHAWNEE CAVE SPIDERS. 


s i ■> 

J 1 J 


Moulting. 

While in captivity seven individuals moulted, three of which 
were found dead shortly after the skins were cast off. The deaths 
were probably partially due to an excess of water in the viuls 
for immediately after the old skins were shed the spiders lay 
lifeless in the water. 'The skins were suspended by threads to 
the upper side of the vials. The moults'show that the skin splits 
on each side of the cephalothorax at the dorsal side of where the 
legs are attached. Hence, the moulted skin of legs and mouth 
parts adhere to the ventral half of the moult, and the corneal 
entitle belongs to the dorsal half. All the old hair** are shed 
along with the skin, new ones take the place of the old which 
causes the color to be perceptibly brighter. The moulted skins 
of the abdomen were either inksing or rolled up into little wads 
so tlmt one could not tell precisely how they were cast off. 

Mortality . 

In the ca\es one never finds dead specimens. In captivity 
mortality is not great. Th * most important requirement is to 
place them in a saturated atmosphere as soon as caught. Two 
thirds of tin* specimens were lotmd dead in the collecting \ials 
the following morning when lelt in the \ials without a drop ol 
water over night. It is impossible to keep them long in any¬ 
thing not air-tight, liowevi r careful one is to keep them supplied 
with water. The best device is small vials with air-tight cork 
stoppers. In such vials they may be kept for months without 
food. < )ne caught September to was placed in a small vial con¬ 
taining two drops of water. < hi January jo more water was 
added which almost drow ned the specimen. ()n January 26 it 
died. During all this time it had had nothing to eat. \nother 
individual was placed in a small vial January 7, and died April 19, 
due to luck of moisture or food. 

In captivity they quite often die soon after moulting. In 
vials sunshine kills them in a few minutes. 1'he heat from a 
student’s lamp is also fatal. 

Light Experiments. 

In the caves one may throw the light from a carbide bicycle 
lamp on Trogloliyphantcs for a half hour or more without pro- 
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during any effect. Such is not true with Meta . Just as soon 
as the light strikes their eyes, they run into the dark. If the 
light is repeatedly thrown on their eyes, they may be turned in 
any direction and often can be driven into places where the light 
cannot reach them. 

The following apparatus was used in the laboratory: For the 
adult Metas, slender io-inch bottles; for the medium sized Metas , 
6-inch test-tubes; for the spiderlings of Meta and for Troglo- 
hyphantes, small 5-inch vials. The closed end and the lower 
half of each vessel were covered with black carbon paper. The 
open ends were securely closed with air-tight cork stoppers. 
One specimen with one or two drops of water were placed in 
each vessel. In a very short time the water forms a thin film of 
moisture all over the inner surface of the vessel. This saturated 
the air in both ends equally. The vessels were then placed 
on an inclined rack by a south window in order to give each 
an equal amount of light. Occasionally they were rotated so 
that the light always fell directly upon the spiders’ eyes. At 
various times the carbon paper was transferred to the cork end, 
thus throwing the specimen into the light or dark as the case 
may be. Those that were strongly negatively phototropic 
never lost much time in finding the dark end, regardless of the 
number of times the carbon paper was changed. Such individuals 
often pass into the dark in three minutes. The few that were 
strongly positively phototropic always changed from the dark 
end to the light end whenever they were thrown into the dark. 
Some were thus experimented with for thirty days, but experi¬ 
ence taught that their actions were reliable for only the first 
four or five days. Darkness and cloudy weather had much to 
do with the final results. Time was counted from the period 
when first placed in the vessel, and each morning when first 
observed until 6:00 P.M. each day for four consecutive days. 
When first placed in the vessels and for a short time after the 
carbon paper was transferred, they were noticed every few 
minutes, after that irregularly five times every day. 

The adult Metas were always in the dark end during clear 
and cloudy weather, and always in the light end when it was 
dark. The medium sized Metas were always found in the dark 
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end in clear weather, one half the time in the dark end during 
cloudy weather, and usually in the light end when dark. The 
spiderlings of Meta remained in the dark end one half the time 
in clear weather, one third the time in the dark end during cloudy 
weather and most of the time in the light end when dark. 

All eight eyes in the Mctas were present and presumably well 
developed. The anterior middle ones were generally a little 
smaller than the others and occasionally an eye was found among 
the others which was about one half size. I nail these experiments 
forty Mctas were used. 

The following table gi\es the results of the light experiments 
for Tro^lohyphantes. (>n the left is entered the number of the 
specimen, t he locality, the sex, age f w bother mature or immature) 
and the four sets of eyes. AMK stands for anterior middle eyes, 
PM 1C for posterior middle ryes, A^K tor anterior side eyes, and 
PS 1 C for posterior side eyes. All measurements were made with 
a micrometer slide inside the two inch ocular with two thirds or 
low objective. When the eyes were scarcely discernible the one- 
inch ocular was substituted for the two-inch. As a unit of meas¬ 
urement for tlu* eyes one fifty-fifth of a millimeter (0.01S mm.) 
is employed. The fractional parts of this unit are only approxi¬ 
mate. 'file +’s are used when the eyes are joined together, if 
separate —’s are employed. P stands for pigment speck. The 
remainder is self-explanatory 

file thirty examples included in the table were selected, not 
on a phototropic basis, but to represent tlu* various localities, 
the age, size, degeneration of the eyes, and coloration. 11 another 
table were made from the specimens not included in this one, the 
results would be similar If a correction could be made lor 
cloudy' weather and for the time occupied in going into the dark, 
the total per cent, of for those in the dark column would be 
considerably larger than the total per cent, of 51 for those in the 
light column. In all these experiments 225 specimens have been 
used and 1 am positively* certain that the results as given in the 
table are correct. 

Summarizing the following table and other data not included 
therein we have the following statements: 

Twenty-six per cent, of all the individuals examined had no 
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Light Experiments for Trogloiiyph antes cavernicola Key. 
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external eyes. Sometimes the eyes are not in their natural 
position. Often black pigment specks arc found where the eyes 
arc absent. The largest eyes are two fifty-fifths millimeter 
(0.036 mm.) in diameter, being twice as large as those of the newly 
hatched, but such individuals are comparatively rare. Hence 
as a rule, the eyes do not grow larger after birth, while the speci¬ 
mens more than thribblc themselves in size. Neither locality 
nor size of the specimen determines the degree of degeneration 
in the eyes, or the shade of coloration. Generally, the lighter 
colored the individual, the more degenerated the eyes, and vice 
versa. Specimens totally devoid of eyes always stay in the dark 
more than fifty per cent, of the time; those with one or more 
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eyes may stay either in the light or dark more than fifty per cent, 
of the time, the per cent, depending on the amount of degen¬ 
eration. 

Humidity. 

A pparatus. Glass tubes with onc-half-inch bore and twelve 
inches long were used. The opening and three inches of one 
end were covered with black carbon paper. The other end was 
closed with a cotton cloth. A spider and two drops of water 
were placed in the light end of each tube and the tubes were placed 
in the light the same as in the light experiments. When first 
plared in the tubes the specimens wandered from one end to 
the other. In just a few moments they ceased their wandering 
and remained within reach of the drops of water. As it was 
impossible to watch these experiments all the time, quite fre¬ 
quently the drops of water evaporated before new ones could 
be added. Sometimes when the tubes became dr>, the spiders 
were found in the dark end, other times in the light end. lender 
such conditions some were able to live only one or two days, 
some four or five days while others survived ten days. Out of 
two do/en individuals used not one .it anv time was ever found 
in the dark end when the light end was wet. Kach specimen was 
examined, some had eves and others wire devoid of eyes. Judg¬ 
ing from the preceding experiments on light the specimens 
devoid of eves should have been found in the dark end at times, 
providing there was no other factor stronger than negative 
phototropism. Since these specinu ns remained near the drops of 
water all the time instead of going into the dark, we conclude 
that humiditv is a stronger factor than negative phototropism. 

The same experiments were prosecuted with the spiderlings 
and medium si/ed specimens of Meta. At times these were found 
in the dark end when the light end was wet, therefore probably 
humidity with them is not greater than negative phototropism. 

Ciiani.k ok HiMinriY. 

A pparatus. The same tubes as used in the preceding experi¬ 
ments for humidity, also a hygrometer was employed. A speci¬ 
men was placed in each tube and was observed several times 
each day. The following results show the relative humidity and 
the number of hours and minutes various individuals lived. 
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No. of Specimens. 

Relative Humidity. 

Hrs. 

Min. 
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On various dates at the entrance and at the different localities 
in the caves the relative humidity was recorded. At the entrance 
it varied considerably on different days, but in the caves, the 
hygrometer always stood at ioo (saturation point). 

These arachnids always live in a saturated atmosphere and it is 
impossible for them to survive long outside the caves where the 
variation in the degree of humidity is great. As a general rule 
the higher the relative humidity (with but a gradual and small 
amount of variability), the longer they live. Since the above 
experiments were prosecuted from May 18 to June 8, when the 
change in temperature was not such as to materially affect these 
spiders, we must attribute their deaths to the hygrometric 
conditions. 

Summary. 

1. Troglohyphantes cavernicola Keys, is found everywhere in 
these caves, where the three following necessary conditions 
exist—total darkness, a saturated atmosphere, and a suitable 
place for the construction of snares. 

2. The first pair of legs are used as tactile organs. 

3. All small winged insects, thysanurans and small myriopods 
serve as food. Scarcity of food does not entirely limit their 
distribution. 

4. They have no known enemies other than themselves. 

5. While temperature outside the caves does not materially 
affect the adult spiders themselves, it is probable that to the 
even temperature at localities between 600 and 1,700 feet from 
the entrance is due the great number of specimens found at this 
place. 

6. Courtship is similar to that of some outside forms. 

7. Cocooning is rudimentary. The eggs are few and com¬ 
paratively large. 
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S. The young are white and are thicker set than the adults. 
Some are hatched with eyes, while others are entirely blind. 

9* Moulting is comparatively rare and is often fatal. There 
are all shades from white to black in coloration. 

10. In M/e the eye-* vary from a small pigment speck to 0.036 
millimeter in diameter. A> a rule, after birth the eyes cease to 
grow while the specimens more than thribble themselves in 
si/e. I went}-six per cent, of all the individuals are entirely 
devoid of eyes. 

11. The degree of degeneration in the eyes and the shade of 
coloration are not determined by either locality or si/e of the 
specimen. 

12. The lighter colored the specimen the more degenerated 

the <\ es. 

13. The more degenerated the e\vs the greater the negative 
phototropi^m, and \ it e \er-a. 

14. 11 timidity is a stronger Ln tor than negative photmpKm 
in determining the location ol .specimens in the experimental 
t lilies. 

15 ("lunge of relative humidity is fatal in a few hours 
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Explanation of Map. 

Shawnee Cave (the outlet). Sec. I., No. i. 

Closed chamber caused by collapse of roof at Sec. I., Nos. 2-3. 
Cascade. Sec. I., No. 6. 

Double passage. Sec. I., Nos. 7-8. 

Old cross cave. Sec. I., Nos. 9-10. 

New passages. Sec. I., Nos. 1-8 and 11-13. 

Opening in roof leading to upper older levels of cave. Sec. I., No. 14. 
‘‘Big Room.” Sec. I., Nos. 15, 16, 17, 18, 19, 20, 21, 22. 

‘‘Fallen Rock.” Sec. I., No. 31. 

Lower Twin Cave. Sec. I., No. 32. 

Upper Twin Cave. Sec. 1 ., No. 33. 

Roof too low for passage of boat. Sec. I., No. 34. 

Deepest water in cave, 10 feet 4 inches. Sec. I., No. 35. 

Lower Dalton Cave. Sec. I., No. 36. 

Upper Dalton Cave. Sec. I., No. 37. 
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i. Map of Shawnee Cave, section i, from Shawnee to Lower Dalton. 
Length 4,453 feet. Scale 2 00 feet to the inch. 
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Explanation of Map. 

Upper Dalton Cave. Sec. II., No. 37. 

“Cross bedding” in limestone. Sec. II., Nos. 46-47. 

“Old passages.” Sec. II., Nos. 56-57. 

Obstruction past which boat cannot be taken. Sec. II., No. 63. 
End of exploration. Sec. II., No. 64. 
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Fig. 2. Man of Shawnee Cave, section 2. irom Lower Dalton to unexplored 



A NEW SPECIES OK PA RAM EC I CM (P. MULT 1 M 1 CRO- 
XCCLEATA) EXPER 1 MEXTALLV DETERMINED. 1 


J H. POWERS and CLAUDE MITCHELL. 

On September 27, 1909, I received from Dr. Powers two sample 
cultures of Paramecia with the request that I investigate them 
as to type and purity of culture. To this end I first killed, fixed, 
mounted and examined 1,000 individuals. They proved to be 
neither typical Paramecium caudatum nor Paramecium aurelia , 
although most of their characters differed but little from these 
well-known types. Their length ranged between 144 and 288 jjl. 
Their anterior end was a little blunter and the posterior end a 
little more pointed than even in P. caudatum. The cytoplasm 
was more dense and more opaque. Their chief difference, 
however, from hitherto described types of Paramecia lay in the 
matter of the micronucleus, for, instead of the single micronucleus 
of P. caudatum or the two micronuclei of its variety P. aurelia , 
there is a number of very small bodies, evidently micronuclei, 
ranging in diameter from about .7 to 1.15 fi (Fig. 3). The char¬ 
acteristic position of micronuclei is fully retained, these bodies 
lying either in slight grooves or in shallow impocketings of the 
macronucleus. I .ike the micronuclei of other types, these deli¬ 
cate bodies are always surrounded by a nuclear membrane. 

Of the 1,000 individuals examined 875 distinctly showed 
from two to six of these small micronuclei, 124 showed apparently 
no micronuclei whatever, while one appeared at first to possess 
a micronucleus of the type found in P. caudatum. This single 
instance, however, turned out upon careful study to be a case 
in which a detached fragment of the macronucleus chanced to 
simulate in size and appearance the regular micronucleus. As 
to the 124 which appeared without micronuclei, entire degenera¬ 
tion of these bodies may have been possible, but it is more prob¬ 
able that a slight overstain obscured them, especially when 
ly ing behind the macronucletis; the same explanation is doubt- 

1 Studies from the Zoological Laboratory, the University of Nebraska, No. 101. 
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less true of the individuals in which but two or three micronuclei 
were found, others existing but in a less visible location. 

Finding thus that the cultures in hand contained nothing but 
this same type of Paramecium , I next proceeded to test the per¬ 
manence of the type. On October 9, I isolated five individuals, 
placing each in a clean watch glass containing a definite pro¬ 
portion of sterile and bacterially infected water. These indi¬ 
vidual^, however, lived but a day. I then again selected five 
more, varying the proportions of the fluid media. Of these, the 
two which were placed in water containing tlie highest percentage 
of bacteria lived, while the others did not. Three more were 
started in the same manner as the two successful ones and all 
these gave living cultures. ( )f the five living cultures thus 
obtained two proved much stronger than the others, despite the 
fact that the conditions were kept as constant a> possible in all 
cases; these two increased rapidly in numbers, while the others 
increased but little and finally died out after five weeks. 

From these two strong cultures, forty indi\iduals were killed, 
stained and mounted on X«>\ember 22 and about fifty more on 
December 17. All of these proved identical in tvpe with the 
original wild stork. The minute micronudei were present as 
before, and again seemed to vary from three to seven in number, 
which difference depended, in part at least, upon the stain and 
the transparency of the indiv idual. 

Fnfortunalcly during Christmas week extreme cold weather 
and partial failure of healing plant call sell the death of all isola¬ 
tion cultures, the original culture, however, remaining. From 
this latter, single individuals were again isolated and new cul¬ 
tures started on January 31, the culture media being varied as in 
previous instances. 'This resulted again in cultures of varying 
degrees of strength. One of the best, which 1 will designate as 
culture X, was chosen and tested by mounting a number of 
individuals all of which again proved to be of the multimicro- 
nucleate type. This culture X was now accordingly taken as a 
basis for all further work. From it six cultures were started, 
the medium being modified in this case by the use of different 
proportions of agar agar infected with the customary bacteria. 

Of these six cultures one, culture V, was worthy of especial 
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note in that it produced a few conjugants. Early in April this 
culture became infected with a minute unicellular alga and, pos¬ 
sibly as the result of this, the paramecia became more active 
and increased more rapidly in number. They also ingested the 
algre until they became greenish in color. On April 15 six pairs 
of conjugants appeared. Three of these were killed in about the 
three-hour stage of conjugation, another in about the seventeenth 
hour of conjugation, while the other two pairs were isolated, 
allowed to complete the act of conjugation, and the ex-conju- 
gants used to start new cultures. It was hoped that stronger 
cultures would thereby be obtained, but this did not follow. 
They lived and divided slowly for about three weeks only. 

The pairs of conjugants which had been killed were stained 
and mounted in toto, and are of interest as showing, not only 
that this type of Paramecium is capable of conjugation, but 
something of the nuclear phenomena undergone during the proc¬ 
ess. In all cases the micronuclei, or at least a part of them, 
could be made out. In those killed at the three-hour stage 
(Fig. 1) all were in pairs, indicating no doubt the customary 
divisions preceding nuclear exchange. In one case three of these 
pairs were really single nuclei in advanced division. With dif¬ 
ficulty the nuclear membrane could be made out, extending, as 
in the case of the larger dividing micronuclei of P. caudalum , 
between the separating portions of the dividing nucleus. The 
micronuclei forming the pairs in these three-hour conjugants were 
smaller than those in non-conjugants. The macronucleus in this 
stage is still unchanged except that its surface is more or less 
furrowed. 

In the pair of conjugants killed at the seventeen-hour stage 
the micronuclei are also present, some again in pairs or in division, 
some single. The macronucleus on the other hand has now 
broken up into bands and curved segments, simulating a reticu¬ 
lum. This breaking up of the macronucleus at an early stage 
does not occur with P. caudatnm , and, in case further study 
shows it to be habitual with the present type, this will constitute 
further proof of its independence. 

The limited number of conjugants at our disposal and the 
consequent inability to procure all the stages have prevented 
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our demonstration of ihc actual nuclear exchange during con¬ 
jugation, but such exchange is naturally to be inferred from the 
preparatory disFinn of the micronuclei and from subsequent 
breaking down of the macronucleus. Every feature of the few 
conjugating pairs examined indicated normal processes and con¬ 
ditions. 

Although the cultures started from the ex-conjugants fared so 
poorly it is worth noting that shortly after the latter were clis- 
co\ ered in culture \ this culture underwent a rapid acceleration 
in growth and division. This may have been due to undetected 
ras^ of conjugation occurring in the culture, or on the other hand 
it m is has e been the result of some external stimulus, w hicli itself 
had (Mused the conjugation. From this rapidls growing culture 
two lurther lots of I\irame« in base been mounted, and, as before, 
all prose to be ol the nmltimacromicle.ite type. Section* have 
aho been made and stained with iron h.ematoxs lin (Fig. 3) from 
different groups mounted during the sear. The} base fully 
borne out the results of the moie numerous toto mounts. 

All told the cultures base been conducted, the hist group for 
three, and the second for h\e months, They base not been as 
strong as could be w Filed, but the best cultures obi.lined showed 
at least no tendency to die out and at the dose of the work 
culture Y s\as multiplying more rapidls than at .ins* pres ions 
lime. Had our temperature conditions been more uniform and 
fasorable, sve should probably base been able to rear much more 
copious cultures. The entire uniformity of the type throughout 
these cultures seems good evidence for its permanence and the 
probability that it defers es .specific rank. 

Cl.u*i>k \Ym. Mitchell. 

I can fulls* s cutch for the methods and result* which my student, 
Mr. Mitchell, has recorded in the first part of this paper. I 
may speak a few words further as to my own experience with 
P. mullimicronuclcata. It is not, in the writer’s sicinity, a rare 
or accidental type. Throughout a number of years of work in 
eastern Nebraska it has been a frequent and troublesome in¬ 
truder in my Paramecium cultures. The most persistent efforts 
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have often failed to procure, from wild stock, pure cultures of 
P. caudatum . A portion, usually the bulk, and frequently the 
whole, of any culture obtained from pond or river water would 
turn out to be of this multimieronucleate type. 

I did not at first recognize the minute micronuclei. I regarded 
the individuals, which careful and elaborate technique showed 
to be lacking in the typical micronuclei of P. caudatum and P. 
aurclia, as degenerates in the sense of Maupas’ contention. As 
however the hypothesis of the degeneration of the micronucleus 
became more and more discredited, 1 reexamined mounted slides 
of these Paramecia under high magnifications, with the result 
that the minute bodies in question were visible in every case. 
That this type of Paramecium was not related to degeneration 
was further shown by the fact that many pure cultures, unlike 
those with which Mr. Mitchell has labored so assiduously, have 
been vigorous and strong growers. I may further mention the 
fact that in several very large aquaria supplied with running 
water and a small amount of fresh meat added occasionally, 
this type of Paramecium apparently maintained itself continu¬ 
ously for several years. As often as the organic matter was 
supplied the animals would multiply and appear in vast swarms 
in the corners and protected portions of their space; whenever 
examined they proved of this type and of this type only. 

The existence of an undescribed species of Paramecium seems 
improbable. The protozoa are considered of universal distribu¬ 
tion, and Paramecium is the most-studied genus in existence. 
Nevertheless much of the study of mircoorganisms is superficial; 
many have failed to develop a suitable technique, easy as this is, 
for the certain demonstration of micronuclei; and as to the 
hypothesis of universal distribution, it is certainly assumed much 
further than it is proven. Thus, for the last six years, I have 
made careful search among cultures derived from very numerous 
wild stocks, for Paramecium of the aurclia type, i. c., with the 
well-known two micronuclei. But, aside from a very few isolated 
individuals derived experimentally from P. caudatum , not a single 
example has been found. 

All in all, it seems that, in the light of Mr. Mitchell’s results, 
the type in question deserves specific rank, although this rank 
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rests upon nuclear differences only. The external characters 
mentioned by Mr. Mitchell, although holding good for the ma¬ 
terial investigated l>v him and for many other lots as well, are 
not universal, nor have I noted any external character that is. 
W hen P. multimil ronuclcutn is grown in t lie same culture with 
any given strain of P. mudutum , the two can usually be readily 
separated by one or more external characters. Frequently the 
P. multimil rofuulcutu are uniform!) larger than the accompanying 
P. caiulutum but the) do not exceed the known dimensions of 
the commoner form, and, in some cultures the) are uniformly 
smaller. So with length ol groove, form of ends, opaqueness, 
etc. The most uniform ' haructer that I hn\e seen is that the 
new type is a little more cvlindric in foim. bulging les< at the 
point of greatest diaincu ; but P. caudatum approaches this 
form in st,ir\ ed cult un s. 

The propriet) oi basing .1 species upon nuclear characters only 
depends of course upon their constant). Calkins has shown 
that the t> pe-s of Paraffin turn w itli single and double micrnmiclci 
respecti\el\ are not u Ip >M\ 1 oiHant, oc< asitmal transitions taking 
place in both dim tions He, theielore, pronounced the tvpes 
v.iriet ics. But the t out hision lias again Been tailed in question, 
the infrequent’) ot the transition leading Kofoid to re-interpret 
the phenomena as instances <»i mutation. 

I have m\s( lt been conducting, timing a considerable part of 
the prese nt vear, preliminar) experiments on P. caiulutum , sub¬ 
jecting them to dillerent conditions with a \ icw to ascertaining 
their possibilities of variation. The onlv striking results have 
occurred as the ct>nsec|ucnces of great changes in feeding 
habit. 

P. ciiudatiim is almost exclusively a bacteria feeder. But as 
Mr. Mitchell has recorded they occasionally deviate to other 
minute vegetable organisms. 'Phis year I have succeeded in 
inducing a certain percentage of the individuals from a pure 
culture of very large and strong growing P. cumUitum to feed on 
minor animal organisms, first on flagellates (CJiilomonas) and 
then, to a considerable extent, upon smaller ciliatcs. 'I hese very 
striking changes in food habit produced very striking variations 
in the Paramecia, both nuclear and cytoplasmic. I will not 
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describe these at the present time save in so far as they relate 
to the present discussion. Many of the nuclear changes were 
erratic and possibly pathological: Macronuclei greatly enlarged, 
micronuclei unchanged, or sometimes apparently absent, or again 
enlarged, even more in proportion than the macronucleus, and 
sometimes divided. 

Among the large mass of such material, stained, mounted and 
examined, I discovered a very few instances of individuals with 
two typical micronuclei. In fission these micronuclei divided 
simultaneously and normally. The number of these individuals 
was very few, probably not exceeding one to several thousand, 
but they confirm, to some extent, Calkins's observation that P. 
aurelia may arise from P. caudatam. 

Among the different types of variants I sought assiduously 
for examples of P. multimicronucleata. But none of the exact 
type were found. Evidently this type is farther separated from 
P. caudatum than is P. aurelia. A considerable number of indi¬ 
viduals were found however which showed an approach to P. 
multi micron ucleata , in that the micronuclcus was divided, usually, 
again, into but two bodies, perfectly normal in appearance, but 
much smaller than the typical micronuclei of the genus, though a 
little larger than those of the new type. This variant was one of 
the most constant and frequent results of the changed diet. In 
other characters, however, it did resemble closely P. multimicro- 
nucleata or, for that matter, any recognized type of the genus. 
I regard it merely as an instance of the well-known law that a 
powerful stimulus to variation applied to any species brings out,, 
not only new characters, but characters of existing allied species 
as well. The phenomena, to the writer, serve to confirm, rather 
than to refute, the specific independence of the new type. But 
they are of interest in themselves as showing possible lines of 
experiment leading to nuclear variation. In the present instance 
it seemed especially worth while to record them, and indeed this 
is the chief reason for the entire study, in that Paramecium is 
more and more being made the subject of extensive experimental 
research. So far, little of this study has had regard to other 
than external characters, but this admitted limitation must soon 
be remedied, and to this end it is essential that we know the types- 
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of nuclear structure present in the different species or varieties 
of the genu> as well as the lines of variation to which they are 
subject. 


University of Nebraska. 
July 30. 1 >10. 


J. H. Powers. 
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Explanation of Plate I. 

Paramedian multi mi cron ucleata. 

Fig. i. Conjugation near the three-hour stage, showing micronuclei in pairs 
or in division. 

Fig. 2. Conjugation at about seventeen hours. Macronucleus already broken 
into band-like portions. Micronuclei visible in part, in pairs or single. 

Fig. 3. Section of typical P. multimicronudeata , an unusual number of the 
micronuclei chancing to lie in one plane. 
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THE CENTRAL NERVOUS SYSTEM AS A FACTOR 
IN THE REGENERATION OF POLYCLAD 
TURBELLARIA. 

C. M. CHILD. 

Some years ago L. Y. Morgan 1 described a series of experiments 
concerning the effect of removal of the cephalic ganglia upon the 
course of regeneration, particularly of the anterior region, in the 
Californian polyrlad. Lcptoplana liltoralis. Her conclusion is 
that under certain conditions, i. c. y particularly in the presence 
of tissue anterior to the ganglia, regeneration occurs as readily 
and as completely in the absence of the ganglia as when the)* are 
present. At about the same lime the results of my own experi¬ 
ments on Leptoplana trnticllaris appeared. 2 I found that when 
half or less than half of the ganglionic tissue was removed, re¬ 
generation might be as complete and .is rapid as \\ hen the ganglia 
were uninjured, but th.it when more than half of the ganglia was 
removed, regeneration was not only slower but less complete 
than when thev were uninjured. 

1 also found, how r\ er, that groups of e\e spots not infrequently 
appeared in cases where I he ganglia themselves were, so far as 
could be determined, completely removed, and that the amount 
of anterior new tissue in all such cases was greater than in those 
cases where eve spots did not appear, though regeneration was 
never complete. 3 My general conclusion from these experiments 
was that the central nervous system in these forms acted as a 
functional stimulus to the growth of new* tissue, increasing both 
the rapidity and the amount of growth. 

l'he above mentioned experiments of L. Y. Morgan seem to 

•L. V. Morgan. **Incomplete Anterior Regeneration in the Absence ot the Brain 
in Isptoplana litloralis,' Biol. Boll.. IX., 3, 1905. 

8 Chil«l, "Studies on Regulation. “V. The Relation between the Central Nervous 
System ami Regeneration in Leploplana \ Posterior Regeneration." Journ. Exp. 
Zool., I., 3. 1904. "Studies on Regulation, VI.—The Relation, etc.: Anterior 
and Lateral Regeneration," Journ. Exp. Zool., L, 4. 1904. 

’Child, "Studies on Regulation. VI.," Figs. 15-19, p. 5 22, Figs. 41-43. P- 5*6, 
also |>. 529. 


333 


334 


C. M. CHILD. 


indicate that under certain conditions this is not the case. In 
view of the apparent disagreement between her results and my 
own further experiment seemed desirable and during the autumn 
of 1907 and the summer of 1910 I took the opportunity to 
examine several species of Leptoplanida? which occur at La Jolla, 
Calif., with reference to this point. In 1905 I had worked with 
L. littoralis at Pacific Grove and obtained results similar to those 
described for L. tremellaris. 

My conclusions from this later work are essentially the same 
as those reached in my earlier paper. Removal of the ganglia 
with as little of the surrounding tissue as possible always results 
in decreased rapidity and completeness of regeneration, whatever 
the method of operation employed. In many cases, however, 
groups of eye spots appear in the new tissue, even when the 
ganglia are wholly absent, and in such cases the regeneration is 
always more rapid and more nearly complete than when the 
eye spots do not appear. 

When the ganglia are removed by a cut from one side of the 
head, as in some of Morgan’s experiments, more new tissue is 
often formed, or it forms more rapidly, in the deep cleft made by 
the cuts than on a nearly flat terminal surface. This, however, 
is not due to any specific effect of the anterior tissue, but is merely 
a very general characteristic of wound-healing, not only in Tur- 
bellaria, but in many other forms, and is doubtless due to the 
fact that nutritive and other conditions for growth are better in 
such a cleft, where the growing parts are in contact on both sides 
with other tissue, than on surfaces where such contact exists 
only on one side. 

I believe that the important point in connection with the 
problem of the influence of the central nervous system on re¬ 
generation in these forms lies in the question as to what con¬ 
stitutes the central nervous system. As Morgan states, the cepha¬ 
lic ganglia in the polyclads are enclosed in a definite sheath, but 
a further point of great importance which she does not consider 
at all is that the nerve roots contain numerous ganglion cells 
for a considerable distance from their point of origin in the ganglia. 
Reference to Lang’s monograph of the polyclads 1 is sufficient to 

‘Lang. ‘‘Die Polycladen ties Golfes von Neapcl," Fauna nnd Flora des Golfes 
von Xrapcl, XL, Leipzig, 1884. 
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establish this point. There is then every* reason to believe that 
the central nervous system comprises, not the ganglia alone, but 
the ganglia plus the nerve roots for a certain greater or less 
distance from their origin. Even when the ganglia are com¬ 
pletely removed, the capacities of the central nervous system for 
regeneration and stimulation are not wholly lost, if sufficient 
portions of the nerve roots near the ganglia remain. In such 
cases the amount of regeneration is greater than when the nerve 
roots are also removed, and groups of eye spots may appear. 
In fact, in one cum * 1 1 observed the regeneration of a small but 
distinct ganglionic ma^ after the apparently complete removal 
of the ganglia. It seems not improbable that if our technique 
were sufficiently exact to permit removal of the ganglia without 
injury to the ner\e roots except at their origin, the regeneration 
c*ven of the ganglia thenwhe-, as well as of other parts, might 
Ik* almost or quite ns complete as when the ganglia remain. 

L. Y. Morgan's 1 ig Hj of the regenerated anterior end of the 
nenoiis system after remoxal of the ganglia shows only fibrillar 
structure and she states that only librilla* are present in the mass. 
Hut when we recall the lads as to the histological structure of 
the ner\e roots it scents extremely improbable that ganglion 
('ells are totally absent from such regenerated masses. In ail 
cases of the kind, which I ha\e obser\cd, some cells as well as 
the tibrilla* ha\e always been present in the knot of tissue formed 
by the union of the ner\e roots. 

'The development of eye spots in many of the cases without 
ganglia described by Morgan is undoubtedly due to regenerative 
processes in the remaining ganglionic nerve roots. In my own 
experiments I have found that in all cases, whatever the method 
of operation, where the ganglia plus a sufficient portion of the 
nerve roots are removed the regeneration is always slight, eye 
spots do not de\ clop and the animal never shows any recovery 
from its sluggish unresponsive condition, i. c ., it behaves in all 
respects like a headless animal. On the other hand, where the 
roots are largely intact, regeneration is more rapid and proceeds 
farther, eye spots often appear and the recovery’ of motor activity’ 
and apparent spontaneity* frequently occurs to a very* marked 
extent. 

‘C hild, "Studies, etc.. VI..” Fig. 43, p. 526. 
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Since my later experiments confirm in all respects my earlier 
work, it seems unnecessary to describe them in detail and to 
figure all the various methods of operation and the results. I 
can only conclude that the apparent absence of effect of gan¬ 
glionic removal upon regeneration in certain cases is due to one 
of two things, viz., failure to remove the ganglia completely, or 
the presence of the intact nerve roots. Morgan’s experiments 
do not in any way prove that the central nervous system does 
not exert an influence upon the rapidity and amount, and so 
far as the sense organs are concerned, upon the character of 
regeneration in the polyclads. 

As regards one point, however, Morgan’s results as stated in 
her paper disagree so completely with my own that some further 
consideration is necessary. In the concluding paragraph of her 
paper the statement appears that “regeneration of the anterior 
tip of the worm, that is when the worm has been cut off anterior 
to the ganglia, occurs in the absence of the ganglia as well as 
when they are present.” Individuals with the ganglia removed 
and the end cut off anterior to the ganglionic region regenerated 
as rapidly and completely as controls with uninjured ganglia 
and the anterior end cut off at the same level. In these experi¬ 
ments the ganglia were removed by using the cut end of a straw 
as a punch and after the wound thus made had healed the anterior 
region of the head was cut off. 

1 have performed this experiment a large number of times and 
on various species of Leptoplanidm and with essentially uniform 
results, viz., that in all cases where the ganglia were actually 
completely removed, regeneration was less rapid and less complete 
than in control experiments with uninjured ganglia. Moreover 
the larger the portion of the nerve roots removed in addition to 
the ganglia themselves, the less rapid and less complete the re¬ 
generation. The operation is by no means easy to perform suc¬ 
cessfully and in many cases larger or smaller portions of the 
ganglia remain: such cases show all gradations from complete 
regeneration to a condition essentially like the pieces from which 
the ganglia are totally absent, but they must of course be regarded 
as unsuccessful experiments for our present purpose. 

In my experiments the ganglia were removed with a straw in 
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the manner described above: two weeks later, after the wound 
had completely healed and the ganglionic region was filled in with 
new tissue, the anterior end of the head region was removed by 
a cut as indicated in Fig. i. At the same time the anterior ends 
were removed at the same level from another series of individuals 
with uninjured ganglia. 



lMGs. 1 


The condition of ilu* animals without ganglia a week after the 
second operation F indicated in Fig". 2 and 3. while big. 4 shows 
the condition of the controls. The dilterence is marked and 
requires no comment. After two weeks more regeneration is 
almost or quite complete in the controls, while the animals with¬ 
out ganglia remain essentially as before and regeneration never 
proceeds further in them. 

In these experiments great care was used to be certain that the 
ganglia were entirely removed. In various species the ganglia 
can be seen quite clearly from the ventral surface and examination 
from this side after the operation will usually show even rather 
small pieces of the ganglia if they remain. Morgan does not 
state how the total absence of the ganglia was determined in 
her experiments and it seems probable that in cases where the 
anterior end of the head regenerated as rapidly and as completely 
in animals supposedly without ganglia as in those w ith uninjured 
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ganglia some portions of the ganglia remained. It is possible 
that in some cases where the nerve roots were largely intact 
regeneration might be almost as rapid and complete as when the 
ganglia are present, but it is certain!) impossible to make an ex¬ 
tensive series of operations which are uniform in this respect. 
Morgan’s experiments of this kind included however, only 
“several” worms. 

The only conclusion possible seems to be then that the central 
nervous system, /. e., the nerve roots near their origin from the 
ganglia, as well as the ganglia themselves, do affect in marked 
degree the rapidity and amount of regeneration of the anterior 
regions and, at least as regards the sense organs, its character as 
well. Moreover, where the ganglia, or the ganglia together with 
the nerve roots, are removed the method of operation makes no 
essential difference in the result. As most experiments, not only 
on the turbellaria but on other forms, indicate, it is probable 
that the early stages of the formation of new tissue are largely 
or wholly independent of the nervous system, but it is difficult 
to understand how the nervous system of an adult animal could 
fail to affect the amount and rapidity of growth in a regenerating 
part composed largely of muscles and sense organs. Absence 
of such an affect would be in direct opposition to the well estab¬ 
lished fact of the functional influence of the nervous system on 
various parts of the organism. The rate of metabolism and 
consequently the rate of growth— i. e., provided nutritive material 
is present—in such parts must be in greater or less degree de¬ 
pendent upon nerve stimuli. Such an influence of the nervous 
system upon growth must, however, be sharply distinguished 
from the determination of differentiation of parts: the effect of 
the functional stimulus in the stricter sense is primarily quantita¬ 
tive rather than qualitative, so far as structure is concerned. 
These points were emphasized in my earlier papers. 

Hull Zoological Laboratory, 

Cniversity ok Chicago, 

October, 1910. 


THE FORMATION OF GERM LAVERS IN 
ACTINIA BERMUDENSIS YERR. 


LEWIS R. CARY, 

Princeton University. 

While at the Bermuda Biological Station during the summer 
of 1909 I attempted to secure material fora study of the develop¬ 
ment of Actinia berm uden sis Merrill, a viviparous act ininn that 
is abundant between tide marks in the shaded limestone caverns 
along the shores of the smaller islands. Since this material 
proved to be lacking in the earliest stages in the development, 
so that the* complete embryology could not be worked out, I 
have thought it ad\Fable to publish the following account as 
it covers one of the most unsettled point* in the development of 
anlhozoans. 

According to McMurrich the only well authenticated 

cases among the ( u’lcnteruia in which the endoderm arises by 
im agination are those of Santhisoe and Pelagia, both Scyphome- 
diisa*. Jourdan's 1.S7.S account of the formation of the endo¬ 
derm in Adinia utjuina he discredits on the basis of his own 
obsor\at ions on Mitruhum marginatum) dianthus . Kowalev¬ 
skis’* account of the process in A da ms in rondeletti , which 

in the original was inaccessible alike to Professor McMurrich 
and nnself, he dismisses, in the same manner saving that it was 
probably an error in interpretation. 

Appcllof (1900 describes the endoderm formation in two 
species of actinian*: I'rtidna i'Pcalia) < rassicornis and Actinia 
aquina. I lis observations on the latter species confirm the opin¬ 
ion of McMurrich, nameh , that there was no true imagination. 
In the case of Urtiiina , on the other hand, he describes and 
figures a true invagination, which from his figures could not be 
considered as an error of interpretation, since he worked with 
serial sections. 

Fan rot (1907) has described a true although rather unusual 
type of imagination in the development of Sagartia parasitica 
and Adamsia palliata. 


339 


340 


LEWIS R. CARY. 


In Mctridium, according to McMurrich, the result of segmenta¬ 
tion is the formation of a hollow blastula with a considerable 
cavity. Later the inner ends of the cells are constricted ofT — 
by the appearance of vacuoles in the line where the separation 
is to occur—to form the endoderm. At the time when this proc¬ 
ess is finished there appears at one pole of the blastula a slight de- 




Fig. i. Pseudogastrulation in Metri- Fig. 2. Later stage in the pseudogastrula- 
dinm. After McMurrich. tionof Mctridium. After McMurrich. 

pression which gives the embryo, when it is seen in optical section, 
an appearance similar to the early stages of a true invagination 

(Fig. 1). 

When the mouth has broken through, the resemblance to an 
invaginate gastrula is even more complete, so that until such 
embryos had been seen in sections it would be almost certain to 
mislead any observer. In realit}', however, the two layered 
condition had been reached before the mouth was formed. This 
so called “Pseudo-gastrula” McMurrich held to be the true con¬ 
dition in those forms in which invagination had been reported 
to occur. 

All the material of A. bcrmudensis was obtained by slitting 
the adult individuals longitudinally, and then washing the em¬ 
bryos into a dish of sea water with the stream from a pipette. 
All stages including the young in which the second series of 
tentacles was complete, and which were ready to be liberated 
from the body of the parent were capable of swimming about 
actively by means of their cilia. 

The earliest segmentation stages were never found among the 
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material obtained by washing out the adults, nor did sections of 
the mesenteric* of the adult show any segmenting eggs, so the 
proces>es leading up to the formation of the blastula cannot be 
considered. In the section represented in Fig. 3, the blastula 



Kn.. 3. Kuilv l»I rdl 1 * i A trrniu irn i . L»*ii/ i 12 and no. 2 reduced). 

is completed) formed. The cells are very numerous and of prac¬ 
tically the same height mrr the entire circumference of the 
blastula. The interior of the blastula is to a great extent filled 
with a comparative!) thin, lightly staining, plasma-like material, 
in which there are main yolk granules. 

fhe manner in which tin* separation of the Volk spheres took 
place during the segmentation can Ik* conjectured only, but, 
from the appearance of tin* stage ju^t described it would seem 
probable that, just as in Urticinn , there is never an extensive 
blastula cavity. Instead tin* \olk material is probably separated 
from the cytoplasmic portion of the cells in an early stage of 
segmentation. 

In a later stage (Fig. 4) the blastula has become more elon¬ 
gated. The cells have become relatively thinner, and higher, 
while at one pole there is the first indication of the depression 
that marks the beginning of the infolding of one portion of the 
blastula wall to form the endoderm. 

Within the interior of the blastula, there has been a marked 
increase in the relative amount of space unoccupied by nutritive 
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materials. The plasma-like substance has disappeared for a con¬ 
siderable proportion and the yolk spheres have undergone an 
apparent disintegration. Their outlines are no longer distinct, 
as in the earlier stages, and in many instances, they can be ob- 



Fig. 4. Blastula of A. bcrmudcnsis just at the beginning of the invagination. 

served breaking up into rather coarse granules which are being 
spread out through the surrounding plasma-like material. 

In the stage shown in Fig. 5 the process of invagination has 
gone on until the section shows a well-marked early gastrula, 
and puts beyond any question the type of endoderm formation 
in this species. The character of the cells in the invaginating 



area has not as yet undergone any change to distinguish them 
structurally from those making up the ectoderm. 

The nutritive material within the original blastococl shows 
practically the same conditions as noted for the stage last de- 
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scribed. Within the gastrula cavity there have appeared some 
few masses that are apparently composed of the rather coarse 
granules that come from the breaking up of the yolk spheres. 

In the older gastrula, Fig. 6, almost all of the nutritive material 
has come to lie within the ga>trocu*l, only a comparatively few 
of the m;i>Hs of granules, resulting from the disintegration of 
the yolk sphere-*, remaining in the original blastula cavity. 



I tt f I .iter i l tmu it >i x 


Appellol 1000 drM iibeN the same "ort of migration of the 
nutiiti\e material dming tin in\agination ol I'rtuinu. lie raises 
the question as t<> w hether the \ oik matt rial seen in the gastroccel 
after the imagination compU le b the Mine as that seen in 
the bkist<»(ol belort* in\agination, and il mi how the transfer 
could take place. < )t the two po^ibiliiies in the way of a transfer 
he mentions; first that the >olk spheres might be absorbed by 
the cells of the in\agin.iting la\er and then be set free to collect 
in the gaslroctcl; and >reondl\ that the \olk elements pass (“sich 
drangen oder gedriingt werdeii” between the cells of the in- 
vnginating layer. According to his interpretation, his material 
supports the last mentioned \ iew ;b many of the cells appear 
shrunken in diameter while \olk spheres may be seen between 
such cells separating their lateral walls one from another. He 
mentions besides that the walls at the inner ends of the cells 
are often \ery indistinct during the time when tins process is 
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going on, although over the remainder of the gastrula wall there 
is no appreciable change in the characteristics of the cells. 

Appcllof makes no direct mention, although his Fig. 13, PI. 2, 
shows, that while the transfer of the nutritive material is taking 
place the yolk spheres are breaking up rapidly, so that to infer 
that the spheres pass through the invagination layer in their 
original condition is unnecessary. I11 the older gastrulae of A. 
bermudensis a complete yolk sphere was scarcely ever found in 
the gastroccel. While many of the masses of nutritive material 
still retained their identity and practically their original volume 
it could be observed in every instance, that the sharp outline 
was no longer apparent, and usually the granules were separated 
from one another. It is also noticeable in the section shown in 
Fig. 6, that nearly all of the yolk material present in the blastoccel 
is massed about the invaginating cell layer and that the inner 
ends of these cells are much less sharply defined than they were 
in the younger stages, Fig. 5, or than they are more laterally in 
the invaginating area. The central part of the invaginating area 
is more densely filled with granules than are those parts farther 
to the sides. The granules in this denser area are also markedly 
larger than the granules in the cytoplasm of the more laterally 
placed cells. 

It seems, then, beyond question that in A. bermudensis , just 
as in Urticina crassicornis , there is an actual passing of the yolk 
material, in a practically unaltered state, through the layer of 
invaginating cells to the forming gastroccel. As the cells of the 
invaginating layer approach those of the outer gastrula wall all 
of the yolk passes through so that the two layers come into con¬ 
tact and the supporting layer is secreted between them. 

In an older embryo, Fig. 7, in which the formation of the 
stomodeum has begun, the gastroccel — gastro-vascular cavity— 
still contains a considerable amount of the yolk material which 
now appears as distinct granules. In nearly all instances, how¬ 
ever, the granules are arranged in groups which show clearly their 
origin from an originally more circumscribed mass. 

In this last-mentioned stage the cells making up the endoderm 
have undergone a considerable change so that their histological 
characteristics are very different from those of the ectoderm cells 
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which have retained very nearly the appearance of the original 
blastula cells. The endoderm cells have now become much 
broader in proportion to their height, their cytoplasm is much 
less dense than formerly, and takes the stains less readily, while 
the nuclei have become markedly less conspicuous. In some 
regions, where the body of the embryo is most contracted, espe¬ 
cially about the region of the forming stomodeum, the outlines 
of the endoderm cells are very indistinct, and indeed impossible 
to make out at the proximal ends of the cells. 



!•!«.. 7. \ oil nr < 11U i m» in \v Uu ti tin t< nm 1< 11111 i«> h inning. l.niz 7 and 2. 

In regard to the interpretation of the optical M-ctions shown 
in McMurriih’s 1 ig. to, 1 * 1 . XI 11 ., it b interesting to compare 
my Mg. (>, with the ligures of the embr\os of Actinia aquina 
given b\ \pj>ellbf. In the last mentioned form, where the eiido- 
derm arises b\ delamination, there occurs at the time of the 
breaking through of the mouth opening a decided thinning of 
both germ la\ers at the point where the mouth opening will 
appear. W hen the month has been formed the tissues are very 
thin all around it, and in a longitudinal section there appears 
about the mouth this thin area instead of the more thickened 
area which is found about the gastropore of an invaginate gas- 
trula. So that in some instances at least, McMurrich’s criticism 
of the interpretation of optical sections of whole mounts would 
not apply. 
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